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PROSTATE- SPECIFIC MEMBRANE ANTIGEN AND USES THEREOF 



ccncmuarions cf U.S, Serial No. CB/ 394, 152, filed 
11 February 24, 1995, che contents of wnioh are herecv 

mccrpcrated oy reference. 

This invention disclc-sed herein was made m part witn 
Government support under NIH Grants No. DK476 5G and 
15 CA581 92, CA-'2.9203, CA-295 C2, CA-CS746-29 from the 

jj- e P' a r t mie n t of He a t n a n o H u mi a n Services. A o o c r o i n 5 1 y , 
the U.S. Government has certain rights m this 
invent ion . 

2 0 BACKGROUND OF THE INVENTION 

Throughout this application various references are 
refer "^od tc^ v/'thir '^■arentneses 2^iscl^'-'*'"'^~^^- — ■•^ 
publications m their entireties are hereoy 
2 5 incorporated by reference into this application to- m.cre 

fully describe the state of the art to which this 

rhf^S'^^ f erenr-f^s may be found at the end of each set 
Examples m the Experimental Derails section. 

prC'C'l em.s m tne United States, as the disease is nov; 
the most common malignancy diagnosed in Am^erican m^ales . 

the disease, ^1 e p r e s e n 1 1 n g a 1 7 . j t increase o\'e 4 \'e a r s 



t r o s t £a t e can 



'"-i '1 o — 
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rapid increase m the number cf cases appears tc result 
in oart from, an increase in disease awareness as well 
as the widespread use cf clinical m.arkers such as the 
secreted proteins prost a t e - spec i f i c antigen . PSA and 
prostatic acid phosphatase ( PAF : 



V . 



The prostate gland is a site of significant patnclogy 
affected by conditions such as benign growth ^E?H), 
neoplasia (prostatic cancer' and infection 

10 (prostatitis) . Prostate cancer represents the second 

leading cause of death from cancer in m^an (1) . However 
prostatic cancer is the leading site for cancer 
development in men. The difference between these two 
facts relates to prostatic cancer occurring v;ith 

15 increasing frequency as men age, especially in the ages 

beyond 60 at a time when death from other factors often 
intervenes. Also, the spectrum. of biologic 

aggressiveness of prostatic cancer is great, so that in 
some men following detection the tumor remiains a latent 

20 histologic tumor and does not become clinically 

significant, whereas in other it p^rogresses rapidly, 
metastasizes and kills the man in a itilatively sliort 2- 
5 year period (1, 3) . 

25 In prostate cancer cells, two specific proteins that 

are made m very high concentrations are prostatic acid 
phosphatase (FAF) and prostate specific antigen (PSA^ 
(4, 5^ 6) - These proteins have been characterized and 
have been used to follow response to therapy. v;ith the 

30 development of cancer, tne normal architecture ci tnt^ 

gland becomes altered. including loss of the ncrrriai 
duct structure for the removal of secretions and thus 
the secretions reach the serum. Indeed measurement of 
serum. PSA is suggested as a potential screening method 

3 5 for prostatic cancer. Indeed, the relative am.ount cf 

PSA and/or PAP in the cancer reduces as com.pared to 
norm^al or beniqn tissue. 
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PAP was one of the earliest: s e r u r. r.a r >■: e r s for d e t e o r i r. 
metastiatiio spread '4.. . PA? hydro'lyses tvro^sir.e 

ph^'Sphate and has a broad sorstraie spe o i f i o 1 1 \' . 
T;;'rosioe phosphor>'l a 1 1 on is often moreasea witn 
5 cnrcgenio t r ans f o r-ar i on . It has oeen hypothesized 

tnat during neoplastio transf orr>at ion there is less 
nhisphatase aotivity available tO' maotivate proteins 
that are acti\'ated by phosphor\^lat ion on tyrosine 
residues. In so-ir^.e instances, insertion of phosphatases 
IC tnat have t^^'rosme phosphatase aoti\'it\' has reversed 

t n e o. a 1 1 g n a n t p n e n o t \t: e . 

P£A is a protease and it is not readily appreciated hov; 
less O'f its activity ccrre lat es v;i t h cancer deve loprrient 

15 (r, 6) . The prcteoilytic activity of PSA is inhibited 

h-y zinc. Zinc concent I'at ions are high in the normal 
p restate and reduced in prostat ic cancer . Poss ibly the 
Ic'ss of zinc allows for increased proteolytic activity 
by PSA. A.s prC' teases are involved in metastasis and 

20 some proteases stimiulate m.itotic activity, the 

titentially increased activity of PSA could be 
hypothesized t c- play a role i n the tumors m^ e t a s t a s e s 
an i spread (1 ) . 

25 P-cth PSA and PAP are found m prostatic secretions. 

Botn app>ear to be dependent on the presence of 
androgens for their production and are substantially 
reduced following androgen deprivation. 

^ r r t a t e - spec 1 f 1 c membi'ane antigen 'PSM' whioo appears 

r be lcoalize:i to tne prostatic membrane has ice en 
identified. This antigen was identified as the result 
of generating monO'Clc^nal antibcdies to a prostatic 
:^ar.::-y cell, LXCaP ■ S . . 

loo H o r o s z e w 1 c z e s t a b 1 1 s n e d a cell line d e s i gn a t e o 
ir.tTaP f r im, the l\^.ph node of a nor mi one refraotorto 
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-4 - 



neavily pretireared patient (9/ . This line was found ZZ' 
have an aneupicid human male karyotN'iDe , It maintained 
prostatic differentiation f unct lona 1 i t \' m that 
produced bc^th PSA and PA?. It p-ossessed an andr:^ge:: 
5 receptor of high affinity and specificity. Mice were 

immunized with LNCaP cells and nybridomias were derived 
from, sensitized anim.als. A m.oncclonal antibody was 
derived and was designated 7E11-C5 (8). The antibod\' 
staining was consistent with a membrane location and 

10 isolated fractions of LNCaP cell memibranes exhibited a 

strongly positive reaction with immiunoblot t mg and 
ELISA techniques. This antibody did not inhibit or 
enhance the growth of LNCaP cells in vitro or in vivo. 
The antibody to this antigen was remiarkably specific to 

15 prostatic epithelial cells, as n c reactivity was 

observed in any other component. Immunohistochem.ical 
staining of cancerous epithelial cells was more intense 
than that of normal or benign epithelial cells. 



20 Dr. Horoszewicz also reported detection of 

immunoreact i ve m.aterial using 7E11-C5 in serum, of 
prostatic cancer patients (6) . The im^miunoreac 1 1 vi t \' 
was detectable in nearly 60% of patients with stage T-2 
disease and in a slightly lower percentage of patients 

25 wdth earlier stage disease, but the numibers of patients 

m the latter group are small. Patients with benign 
prostatic h\^erplasia (BPH) v/ere negative. Patients 
with no apparent disease were negative, but 50-60% or 
patients m remission yet with active stable disease cr 

^ 0 with p r o g 1" e s s 1 u n de n i u n s 1 1 d t e d p s ^ 1 1 v e s e r u mi 

reactivity. Patients with non crostatic tumors aio not 
show immunoreact ivity with 7E11-C5. 

The 7E11-C5 monoclonal antibody is currently m 
35 clinical trials. The aldehyde group-s cf the antinod^' 

were oxidized and the 1 mke r - che 1 a t c^r o ^ y co 1 - t y r c sy 1 - 
'n, ^ -d: eth\'lenet riamme -per.tacet 1 c aci:i. -lysine .31'?:- 
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DTPA' was coupled tc the reactive aldehydes of the 
heavy chain '10; . Tne resulting antibody was 

designated CYT-3B6. 1— unohistcche-'.ical staining 

patterns were similar except that the CYT~2 5c r^.cdified 
5 antibody stained skeletal rr.uscle . The co:r.parison of 

CYT-356 with 7E11-C5 rronoclonal antiDod\' suggested ootn 
had binding tc t>^e 2 r.uscle fibers. The reason for 
the discrepancy with the earlier study, which reported 
skeletal muscle to be negative, was suggested to be due 

IG to differences in tissue fixation techniques. Still, 

the rost intense and definite reaction was onserved 
with prostatic epithelial cells, especially cancerous 
cells. Reactivity with mouse skeletal muscle was 
detected with immunohistochemiis t ry but not m im^aging 

15 studies. The Indium^^^^ - labeled antibody localized tc 

LNCaP tumors grow^n in nude mdce with an uptake of 
nearly 30% of the injected dose per gram tumor at four 
days. In-vivo, no selective retention of the antibody 
w^as observed in antigen negative tumors such as PC-3 

20 and DU-145, or by skeletal muscle. Very Irttle was 

knowT: about the PSM antigen. An effort at purification 
and characterization has been described at meetings by 
Dr. George Wright and colleagues (11, 12) . 
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BRIEF DESCRIPTION OF THE FIGURES 



Figure 1: Signal m lane 2 represent t:he i::ckz; 

PSM anrigen. Tne EGFr was used as the 
positive control and is shown m lane 
1. Incubation with rabbit antir.cuse 
[RAIO antibody alone served as negative 
control and is shewn m lane 3 . 



10 Figures 2A-2D: Upper two photos show LNCaP cytospins 

staining positively for PSM antigen. 
Lower left in DU-145 and lower right is 
PC-3 cytospin, both negative for PSM 
ant igen expression . 

15 

Figures 3A-3D: Upper two panels are human prostate 

sections (BPK) staining positively for 
PSM antigen. The lower two panels show 
invas ive prostate carcinoma numan 
20 sections staining positively for 

expression of the PSM antigen. 



Figure 4: lOOkD PSM antigen following 

immunoprecipi t at ion of ^^S - Me t hi onine 
25 labelled LNCa? cells w;ith Cyt-356 

ant ibody . 

Figure 5: 3% agarose gels stained with Eti^idium 

bromide revealing PGR products obtained 

3 1 using the degenerate PSK antigen 

pr^mprs- The arrow points tc^ sam.ple 
lN-20, which is a 1.1 kb PGR product 
which was later confirmed to be a 
partial cDNA coding for 

3 5 the PSM ::ene . 



Figures 6A-6B: 2% agay^'S- g- 1 s o: plasm,id DNA 
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r e s u 1 1 r.g f r o:r. TA c i c m n c c f P 
predicts. Inser:is are excised f rc- tr.e 
?CR II vecLor i I nv 1 1: r ogen Cc rp. c\' 
digestion with EcoRI . l.l kc ?Si< ger.e 
partial cDNA product is sr.O'Wr. ir. lane 
cf gel 1 . 



Figure 7: Au t or adiogram showing size cf cC!\A 

represented m applicants' LIMa? 
library usrng M-KLV reverse 

transcriptase . 



Figure 8: Restriction analysis of full-lengtn 

cic^nes C'f PSM gene obtained after 
screening cDNA library. Sarr^ples have 
been cut with Not I and Sal 1 
restriction enzymes to liberate the 
insert . 



20 Figure 9: Flasmid Southern aut oradiogram of full 

1 ength PSM gene clo>nes . Size is 

approximately 2.7 kb . 



Figure 10: Northern blot revealing PSM expression 

limited to LNCaP prostate^ cancer line 
and H26 Has - trans feet ed LNCaP cell 
line. PC-3, DU-145. T-24, SKRC-27, 
HSI^, MCF-7, HL-6C, and others wer^ ar^ 
clI ne gat ive . 

Figure 11: Aur oradic-grait of Nortnern dncilysis 

revealing expression of 2.B kb PSN1 
message unique to* the LNi:a? cell ^me 
]ane \ . .. and absent frcm. one 1"-I4i- 
! lane 2) and PC -3 cell lines 'lane 3. 
R N A size ladder is s h o v;n on t n e left 
-kb) , and 285 and 18S rinosomal RICA 
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banas are maicatea or. cne ricnt. 

Figures 12A-12B: 

Results of ?CR of nurr.ar. proscate 
5 tissues using PS M gene prir-^ers . Lanes 

are numbered frorr. left tc rignt. Lane 
1, LtNCaP; Lane 2, H2 6; Lar.e LL-14 5; 

Lane 4, Norrr^al Prostate; Lane 5, BPH; 
Lane 6, Prostate Canoer; Lane 1, BPH; 

IC' Lane 8, Normal; Lane 9, BPH; Lane 10, 

BPH; Lane 11, BPH; Lane 12, Normal; 
Lane 13, Normal; Lane 14, Cancer; Lane 
15, Cancer; Lane 16, Cancer; Lane 17, 
Normal; Lane IS, Cancer; Lane 19, IN- 2 0 

IS Control; Lane 20, PSM cDNA 

Figure 13: Isoelectric point of PSM antigen (non- 

glycosylated) 

20 Figures 14:1-8 Secondary structure of PSM antigen 

Figures 15A-15B: 

A. Hydrophilicity plot of PSM antigen 

B. Prediction of mtembrane spanning 
25 segments 

Figures 16:1-11 

Homology with chicken, rat and humian 
transferrin receptor s e qu e n c e . 

2 

Fiqures 17A-17C: 

Immunohist ochemical detection of PSM 
antigen expression m prostate cell 
lines. Top panel reveals uniformly 
:^ n hicn level of expression : :: LNCaP 

cells; middle panel and lower :. anel are 
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b c t n e g a 1 1 e . 

Figure 18: Au 1 c r a d i cgr aT. cf crc"::eir. gel re".'ealmg 

p r o du s c f r SM coupled ir: ~ \'i trc 
rransoripci on / translation. !:o-n- 
glyoosylated PSM polypeptide is seen at 
84 kDa {lane 1; and PSM glycoprotein 
s y n thesized following the addition of 
mrorosoTTies is seen at 100 kDa (lane 2' . 

Figure 19: v;estern Blot anal\'sis detecting tcv 

expressic^n in transfected non-FSK 
expressing PC- 3 cells. 100 kLa PSM 
glycoprotein species is clearly seen m 
LNCa? metl:ranes (lane 1) , LNCaP crude 
lysate 'lane 2), and PSM- trans feet ed 
PC-3 cells (lane 4), but is 
undetectable in native PC-3 cells (lane 
3 ) . 

Figure 20: Au t c r a d i ogr am of rrbonuclease 

pnitertion gel assa\'ing for PSy: miRMA 
expression m noriTial human tissues. 
Radiolabeled 1 kb DNA ladder (Gibcc- 
BRL; is shown m lane 1. Undigested 
probe is 400 nucleotides (lane 2) , 
expected protected PSM band is 350 
nuclectides, and tP^NA control is shown 
(lane 3) . A strong signal is seen m 
human p:"ostate ;ianc 11. , v.uth voiu 
faint, but detectaole signals seen m 
human brain (lane 4) and human salivary 
glana ( lane 12 ; . 

F i gu r e 2 1 : A u t o r a d i o g r a m> o f r i o o r"i u c 1 e a s e 

protection gel assaying for PSM mLpN A 
expression m LloCaP tumors grown m 
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nude mice, and m nurr.an prostatic 
Tissues, ^^F-labeled 1 y± ladder is 

shown m lane 1. 255 nuclectide 

undiges:ied probe is shown ^lane 2) , and 
5 tRNA conrrol is shown ,lane 3 . PSK 

mRNA expression is clearly decec^able 
m LNCaP cells (lane 4;, orchotop^i cal 1\' 
grow^n LNCaP tumors m nude mice with 
and without m.atrigel (lanes 5 and 6) , 

10 and subcutaneously implanted and grown 

LNCaP tumors in nude miice (lane 7) . 
PSM mRNA expression is also seen in 
normal human prostate (lane 8) , and m 
a moderately differentiated humian 

15 prostatic adenocarcinoma (lane 10) . 

Very faint expression is seen in a 
sample of human prostate tissue with 
benign hyperplasia (lane 9) . 

20 Figure 22: Ribonuclease protection assay for PSM 

expression m LNCaP cells treated with 
physiologic doses of various steroids 
for 24 hours, ^^P- labeled DNA ladder is 
shown m lane 1. 258 nucleotide 

2 5 undigested probe is shown _(lane 2) , and 

nRNA. control is show^n {lane 3} . PSK 
itlRNA expression is highest in untreated 
L,NCaP cells m charcoal - stripped media 
(lane 4; . Applicant see s igni f ican^ 1\' 
diminished PSK expression m LNCaP 
cells treated with DH^ M S), 
Testosterone (lane 6), Estradiol (lane 
7) , and Progesterone ilane 6) , v;ith 
little response to Dexam;e t ha scne (lane 

:^ ^ 5 ) . 



t igur e 2 3 : 
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. 1 e s e n c 



n 1 aues 



Figures 24A-24B: 



o o w e r 



.istraticr. wa. 



cytokine ^iransfecte: 
unmodified oells. i 
diireoo*^d ti*^ 

prostaoe cel^s. Tne resuics mdioa* 



r igure n mai canes actua^ potiency at: a 
particular site. The tumcr wa= 

implanted m prostate cells and treated 
wit n 1 rr.mun e cells at two different 
sites . 



Figures 25A-25B; 



Keiates potency or cytoxmes in 
i n h 1 b 1 1 i ng growth o f p o iria r y t umo r s . 

Oiarental tumor cells and adm.inis t ered 
as a vaccine t r a n s f e c t e d cells. 
Following pros t atec tom^y of rodent tum.or 
results in survival increase. 



Figure 26 



; 1 1 r 1 c a t 



w 1 1 n n e s t e a n r i m. e r s 



cx^ ^ ^ .'^ ^ d ^ ^ 



to better than one cell oer 
K'ZF - 1 cells, u s 1 n o either PSA. 



Figure 27 



- V- c; 



ano r c xima t e ^ \* one 
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prostatic ce X ^ per ^ , ^ :-.^r-. ce^is 
to better thar one cell ter ir.illicr. 
MCF-7 cells, using ?SM- derived prirr.ers . 

E Figure 28: A representative ethidiur", stained gel 

photograph for PSK-PCF. SarTiOles run m 
lane A represent FCR products generatec 
■p V- n-. the outer o r i rr. e r ? and s a it. n^ 1 e s in 
lanes labeled F are prC'ducts of inner 
1 c primer pairs . 

Figure 29: PSK Southern blot au t oradi ograph . The 

sensitivity of the Southern blot 
a n a 1 vs i s exceeded that of e t h i d i u 
15 staining, as can be seen m several 

samples where the outer product is not 
visible on figure 3, but is detectable 
by Southern blctting as shown in figure 
4 . 

20 

Figure 30: Characteristics of the 16 patrents 

analyzed v;ith respect to their clinical 
stage, treatment, serum PSA and PA.? 
values, and results of assay. 

25 

Figures 31A-31D: 

The DNA sequence of the 3 kb Xhol 
fragment of 066 3 which includes 5 Q C bp 
o f DNA f r o:^ t h e R N'A start site was 
^. ^ d e ^. e r m, i n e d Sec u e n c ^ 6 B 3 X F R VS starts 

f r omi the ^ ' distal end of ? S urometer. 

Figure 32: Potential tin:" ng sites on the PSK 

promot er . 

Figure 33: Promoter ar^:.i\-izy of PSK up-stream, 



w o 96 26272 




PCT/l S96/0242-4 



Fignre 34: Corr.p a ri s c r. between PSK and PSN' ' cTNA . 

Sequence cf rhe 5' end cf PSX cD:;a '5 
IS s hewn . Un d e r 1 m e d r e g i c n :^ e n c t e s 
nucleotides wh i c h are present ^ n PS V. 
c Z'!CA sequence bu t absent i n P S ' c P A . 
Boxed region represents tne putative 
t ransneiTLn r ane dorrLam of PSM antigen, 
* A.sterisk denotes the putative 
translation initiation site for PSM' . 

Figure 35: Graphical representation of PSX anc 

PSK' cDNA sequences and antisense PSM 
PIN'A probe (b) . PSM cDNA s^q^jier.ce with 
coTT^plete coding region (5; . ^a,' PSM' 
cDNA sequence from this study. icj 
Cross hatched and op-en boxes denote 
sequences identity m PSM and PSM' . 
Hatched box indicates sequence absent 
from PSM' . Regions of cDNA sequence 
complementary to the antisense probe 
are indicated by dashed lines between 
the sequences. 

Figure 36: PJ.'ase protection assa\- with PSM 

specific probe m primary prc-statio 
tissues. Total cellular P.NA. was 

isolated from humian prostatic sam.ples : 
normal prostate, 3PH, and CaP . PSM and 
PSM' spdiced variants are mdi-^ated 
v;itn ^rr-ov/s at righ". . Th-^r lef^ Ian- is 
a DNA ladder. Samples frc^. different 
patients are classified as: lanes 3-6, 
Ca P , c a r c i n on\a of prostate; BPH , benign 
prostatic h^x^ert rcpht' , lanes ^ - ; 
ncmal, normal prostatic tissue, lanes 
11-12. Au t oradiograpn was exposeo lor 
longer period to read lanes i and i-. 
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Figure 37: Turr.or Index, a quant: i f i c a 1 1 or. cf rne 

expression of PSM and ?SM ' . Expression 
of ?SM and PSM' (Fig. 3; was quantified 
by densi tomet r\' and expressed as a 
5 ratio cf PSM/PSM' on the Y-axis. Tnree 

samples each were quant it ateo fc^r 
priiTiar\' Car, BPH and ncr^ial prostate 
tissues. Two samples were quantitated 
for LNCaP. Normal, norm.al prostate 
10 tissue . 

Figure 38: Characterization of PSM m.embrane bound 

and PSM' in the cytosol . 

15 Figure 39: Intron IF: Forward Sequence. Intron 1 

contains a num±)er of trinucleotide 
repeats which can be area associated 
with chromosomal instability in tumor 
cells. LNCaP cells and primary prostate 

20 tissue are identical, however m the 

PC -3 and Du-14 5 tumors they have 
substantially altered levels oi these 
trinucleotide repeats which vriay relate 
to their lack of expression of PSM . 



2 5 



Figures 40A-40B: 

Intron IR : Reverse Sequence 

Figure 41: Intron 2F: Forward Sequence 

Figure 42: Intrc-n 2?.: Reverse Sequence 

Figures 43A-43B: 

Intron 3F: Forward Sequence 
Figures 44A-44B: 

Intron 3R: Reverse Sequence 
Figures 45A-45B: 
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Ir.trzr. 4F: Forward Sequence 
Figures 46A-46B: 

Intror: 4R: Reverse Sequence 



Figures 47A-47D: 

Seixuence cf the gencrr.ic: region upsoreao. 
cf one E' oransorio o icn soart sioe of 
PSM . 

Figure 48: ?hooograph of eohidiuo oroo.ide soamed 

gel depicting representative negative 
and positive ccntrc^ls used m the 
study- Samples 1-5 were frorr. , 

respectively: male with prostatis, a 
healthy female volunteer, a rr.ale with 
BPK, a control 1:1,GC0,C00 dilution cf 
LNCaP cells, and a patient with renal 
cell carcinoma. Belo>w each reaction is 
the corresponding control reaction 
perform.ed with bet a - 2 -microglooul m 
primiers to assure integrity^ . N z 

?CR products w^ere detected for any of 
these negative controls. 

Figure 49: Photograph of gel displa\^ing 

representative positive PGR results 
using PSM primiers m selected patients 
with either localized ci" disseminated 
prostate oanocr. Sa^ole 1-^ v;^re f:~"" . 
respectively: a patient v;itn clinically 
lo^calized stage Tl^ disease, a radical 
pro state ot omy patient v; 1 1 n organ 
oc^nfmed disease and a negative seru" 
PSA, a radical pros t at eot c^m/v' patienc 
with locally advanced disease and i-^ 
negative serum. PSA, a patient v; 1 1 n 
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treated stage D2 disease, and a z^atienc 



with treated normcne rerractor\' 
disease . 

5 Figure 50: Chromosorria 1 location of PSK based on 

cosmid construct ion . 

Figure 51: Human m.onochrom.os oma 1 som.atic ce]: 

hybrid blot showing that chrom.csc-m.e 11 

10 contained the PSM genetic sequence by 

Southern analysis. DNA panel digested 
with PstI restriction enzyme and probed 
with PSM cDNA. Lanes M and H refer to 
mouse and hamister DNAs , The numibers 

15 correspond to the humian chromosomal DNA 

in that hybrid. 

Figure 52: Ribonuclease protection assay using PSM 

radiolabeled RNA probe revels an 
20 abundant PSM mRNA expression in AT6.1- 

11 clone 1, but not in AT6.1-11 clone 
2, thereby mapping PSM to lipll.2-13 
region . 

25 Figure 53: Tissue specific expression of PSM RNA 

by Northern clotting and RNAse 
protection assay. 

Figure 54: Mapping of the F5M gene zo the llpll.2- 

3 0 pl3 region or numian cnromosom.e 11 oy 

s ovi t n ^ rn b 1 n r r n g and ^ n - s i r u 

hybridization . 

Figure 55: Schematic of potential respc^nse 

3 5 e lem.ent s . 

F i gu re 5 6: O e n o m i c o r cr a n i z b ^" i. c r^. ''" t P S N'! '"i r^. e 
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Figure 57 : 
Figure 58A-58C; 



Figure 59 



Figure 6 1 : 



Figure 62 



Figure 6 3 : 



Figure 64 



".e t a s c a 1 ' 



: ?SM genome DNA is read 
5 p ri rr.e a wa \' f r ctt. the t r a n s c ri p r i c r. 
Starr site: nuT.ber cr. the sequences 
indicates nucleotide uT^streax. fror^, one 



Repre sen t a t ic^n of 1, acividm 

azctomycin, and 6-diazo-5-oxc- 

norleucme, DON. 



Figure 6 0 : 

Preparation of 
20 acetylaspartylglutamate , NAAG 1. 



Sy^. thesis of N- acetyl aspartyigiut arr.ate 
NA^^G 1 . 



Synthesis of N-phosphonoacetylaspartyl 
L- alut amat e . 



ammo benz vi va 1 e ra t e intermediate 



b\^ntnesis or anaioa ^ ana 



Figure 6 5 : 
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Represer.::at icn of DOK , analogs 17-2' 



5 Figure 6 6 : 

Substrates fcr taraeted drua deli\'er\' 
analog 21 and 22 . 

Figure 67 : 

10 Dynemycm A and its mode of action. 



Figure 68 



1 D Figure 6 9 : 



Figure 70: 



20 



Synthesis of analog 28 



Synthesis for intermediate analog 28 



Attachment Doints for PAU\. 



Figure 71: 



Mode of action fcr substrate 



z ^ 



Figures 72A-72D: 

25 Intron IF: Forward Sequence. 

Figures 73A-73E: 

Intron 1 R : Reverse S e ou e n c e 

3: Figures 74A-74C: 

Intron 2b ' *~ r w a r d s e o u e n c e 

Figures 75A-75C: 

Intron 2 P.: Rex'^erse S ^ci'^Ji^Tia ^ 



Figures 76A-76B: 
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Figures llK-llBi 
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SUMMARY OF THE INVENTION 

This invention provides an isolated rr.arriT.a 1 1 an nuoleic 
acid molecule encoding an a 1 1 erna 1 1 \'e 1 \' spliced 
prc^s tat e - spec i f i c membrane \ FSM ' antigen. 



This invention provides an isC'^ated nucleic acid 
miclecule encoding a pros t at e - spe c i f i c membrane antigen 
promoter. This invention provides a m,ethod of 

10 detecting hematogenous micrometast ic tumor cells of a 

subject, and determining prostate cancer progression 
in a sub j ect . 
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Detai led Description of the Invent! 



ion 



20 



dCp^ 1 ^ icr. , references zc soec 



.u^^ectiaes are zo nucleosides present on the codi: 



strand cf the nucleic acid. Tne following standard 
annreviat icns are used tnrouanout tne soe c i f i c a 1 1 
indicate specific nucleotides; 



o==cytosine A= adenosine 

T = th>^.idine G = guanos me 

A "gene" rr.eans a nucleic acid molecule, the secr^ji^nce cf 
which includes all the mfcrmaticn required for the 
normal regulated production of a particular protein, 
including the structural coding sequence, promoters and 
enhancers . 

This invention provides an isolated m.ammalian nucleic 
acid encoding an alternatively spliced prostate- 
specific membrane (PSM') antigen. 

This mventicn provides an isolated mammalian nucleic 
acid encoding a m.amm.alian pros t a t e - spe c i f i c mLem.brane 
I- S M ; antigen. 

This invention further provides an isolated m.ammalian 
DNA. molecule of an isolated mammalian nucleic acid 
m^olecule encoding an alternatively spliced prostate- 
specific membrane antigen. This mventioi: a^so 
p^-^/ioec on ic::^atec m.amma^ian ^IICA molecule trncocmc 
a mammalian alternatively spliced pros t a t e - spec i f i c 
memjorane antigen. This invention provides an isolated 
m.arTi::;al lan RNA molecule encoding a mammalian 
alternatively splicec prostata - specific c-/tosolic 
ant 1 a e n . 



.nvention furtner provides an isolated mam 



m^ a ^ 1 a n 
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DN'A uiOlecuie of an isolated mar-.malian nuoleic acid 
rriolecule encoding a mammalian pros t a t: e - speci f i c 
membrane antigen. This invention also provides an 
isolated miammalian cDNA molecule encoding a miamm^aiian 
5 pros tat e - spec i f ic memibrane antigen. This invention 

provides an isolated riammialian RNA molecule encoding a 
miamim.alian pros t a t e - spe c i f i c m.em.brane antigen. 

In the preferred em.bodiment of this invention, the 
10 isolated nucleic sequence is cDNA from human as shown 

rn Figures 47A-47D. This human sequence was submitted 
to GenBank (Los Alamos National Laboratory, Los Alamos, 
New Mexico) with Accession Number, M99487 and the 
descriotion as FSM,. Homo sapiens, 2653 base-pairs. 

15 

This invention also encompasses DNAs and cDNAs which 
encode amino acid sequences which differ from those of 
PSM or PSM' antigen, but which should not produce 
phenotypic changes. Alternatively, this invention also 
2 0 encompasses DNAs and cDNAs which hybridize to the DNA 

and cDNA of the subject invention. Hybridization 
methc;ds are well known to tnose of skill in the art . 

For example, high stringent hybridization conditions 
25 are selected at about 5^ C lower than, the thermal 

m.elting point (Tm) for the specific sequence 

detineci ionic stiengi_n ano. pi~i. 

temperature (under defined ionic strength and pH) at 

which 50% of the target sequence hybridizes to a 
30 perfectly matched probe. Typically, stringent 



Vv i 1 1 be those in v/ h i c h the s a 



concentration is at least about 0.02 molar at pH 7 and 
the temoerature is at least about 60°C. As other 
factors may significantly affect the stringency of 
Hybridization, including, among others, base 
::omposition and size of the complementary- strands, the 
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ccncentraticr., and che extent cf case r:M srr.a t ::ninc: , tne 
r C'^.n 1 n a 1 1 c n of p a r a T.e t e r s is r. c r e i :^.p o z' t a n t t n a n t n e 
a h' 3 C' 1 u t e n e a s u r e c f an \' c n e . F c r Ex a rr.p 1 e ni z: n 
stringency' rr.a\^ be attained fcr exar.pl e dv cvernicrnt 
nynridizat ion at abo'jt 6e^C m a ex SS2 solution, 
wasnmg at roo:r. terr.pe nature witn 6x SSC solution, 
followed by washing at aoout GQ^C m a Gx SSZ m a G , 6x 
3SX solut iC'n . 



11 Hybridization with moderate strmgenoy may be attained 

for example ny ; 1, filter pr e - nyn r i d i z r ng and 

nyo'ridizing with a solution of 3x sodiumi ohloride, 
sodium, oitrate (SSC), 50% formiam.ide, G.IK Tris buffer 
at P h 7.5, 5 X De n h a r d t ' s solution; 2 . ; c r e - 

15 hybridizat icni at 37°C for 4 hours; 3) hybridization at 

37°C with am;Ount of labelled probe equal to 3,000,000 
cpm. total for 16 hours; 4) wash in 2x SSC and C.1% SDS 
solution; 5) wash 4x for 1 miinute each at room 
temperature at 4x at 60°C for 30 miinutes each; and 6) 

2 0 dry and expose to filmi. 



The T'NA miolecules described and claimied herein are 
useful for the inform>ation w^nrch -he^^^ provide 
oo-noernmg the amiino acid sequence of the polypeptide 
and as products for the large scale synthesis of the 
pO'l^peptide by a variety of recombinant techniques . 
The m;oleoule is useful for generating new cloning and 
exp-ression vectors, transformed and transfected 
prikaryotio and eukaryotic host cells, and new and 
■^sefu^ ir.trthods for cultured growth of sucn host cells 
cap-able of expression of the polypeptide and related 
product s . 

Kc.r >^cv-/^r , r isolated mammalian nucleic acid m:-^ 1 ^r;u ] e s 
encoding a m^am^malian prost at e - spec i f i c m.emx;rane antigen 
and tne alternatively spliced PSM' are useful fo^r the 
develcpment of probes to study the t um,o r i gene s i s of 
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prostate cancer . 

This inver.tiicn also provides an isolated nucleic acid 
molecule of at least 15 nucleotides capable of 
5 speci f 1 cal 1\' hv'br idi z mg with a sequence of a nucleic 

acid mo>lecule encoding the pros tat e - speci f i c membrane 
antigen or t ne alternatively spliced prostate specific 
miembrane ar.t ^gen . 

10 This nucleic acid molecule produced can either be DNA 

or RNA. As used herein, the phrase "specifically 
hybridizing" means the ability of a nucleic acid 
mc:-lecule tc^ recognize a nucleic acid sequence 
cc^m.ijlemient arv to its own and to form, double - he 1 i ca 1 

15 segmients through hydrogen bonding between complementary- 

base pairs . 

This nucleic acid miolecule of at least 15 nucleotides 
capable of specifically hybridizing with a sequence of 
20 a nucleic acid molecule encoding the prostate- specif ic 

membirane antigen can be used as a probe. Nucleic acid 
probe technology^' is well known to those skilled m the 
art who will readily appreciate that such probes may- 
vary greatly m length and miay be labeled with a 
25 detectable label, such as a radioisotope or fluorescent 

dye, to facilitate detection of the p.^robe . DNA probe 
m^olecules m.ay be produced tDV insertion of a DNA 
m.clecule which encodes PSM antigen into suitable 
\'e c t o r s , s u c as p 1 a s m i d s or b a c t e r i op h a g e s , i c 1 1 owe a 
r b \' transforming into suitable bacterial host cells, 

^-nlication m Lnt^ t rans f orrrtsd bacterial hcct cells and 
harvesting of the DNA probes, using methods well known 
m the art. Alternatively, probes m.ay be generated 
chem.ically from. DNA synthesizers. 

RNA probes m.ay be generated by inserting the PSK 
antigen mo.'-ul'r dov/ns t : - a'r. : -a r : ^pnagc promoter 
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s-^cn as T3 , T7 cr . Large aTiO-^r.::s of R:;a prcr^e rr.a\' 

be produced cy mc^cating rhe labeled r.-^clectides v/itr. 
tbe linearized FSK aniigen fragrr.ent where it ccntams 
an upstirearri proTiOter m the presence of the appropriate 
E R!;a polv-r.erase . 

Tnis invention also provides a nuclei i aoid molecule of 
at least 15 nucleotides capable of specificallv 
nybridizmg v;ith a seq^uenoe of a nucleic acid molecule 
11 wnich is complementary to the m.ammalian nucleic acid 

m,olecule encoding a mammalian prost at e - spe ci f i r 
miem'l:;rane antigen. Tnis molecule miay either be a LUA or 
RNA miolecule . 

IS The current invention further provides a method of 

detecting the expression of a mammalian PSM or PSM' 
antigen expression m a cell which comprises obtaining 
tc^tal mRNA from the cell, contacting the mRNA so 
otitained with a labelled nucleic acid molecule c^f at 

20 least 15 nucleotides capable of specifically 

hybridizing with a sequence of the nucleic ao^id 
m.ilecule encoding a m^am.mialian PSM or ?SM' antigen under 
h\'r:;r idi z ing cc^nditions, determ.ming the presence of 
m.RMA hybridized tO' tne m.oTecule and thereby detect m'-r 

25 tne expression of the miamimalian prcs t a t e - spe c i f ic 

memibrane antigen m the cell. The nucleic acid 
miclecules synthesized above may be used to detect 
exp^ression C'f a PSM or PSM' antigen by detecting the 
presence of rr.RKA coding for the FSM antigen. Total 

^ ^- mRlCA fr:_ii;. thr: c-11 m. ^y isolated cy many procedure.::^ 

well known to a person cT c;rdinar>' skill m the art. 
Tne hybi'idizing conditions of the labelled nucleic acii 
molecules m.ay iue determ.med by rcutme exper imient a t i on 
well knc'wn :n ^ r-;- art. The presence of mRl^A nynridize;^ 

15 tc the probe m.ay be determ.med by gel electrophoresis 

or other m.etnods known in the art . By m.easurmg tne 
am.ount of the hybrid m^ade , the expression of the PS>' 
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ancigen by che ceil can be deterT.med. The laoelmg 
may be radioactive. Fcr an exarr.pie, cne cr T.cre 
radioactive nucleotides can be incorporated m the 
nucleic acid when it is made . 



In one emlDodiment of this invention, nucleic acids are 
extracted by precipitation from. l\'sed cells and tne 
m^RNA is iso'lated from, the extract using an cligo-dT 
column which binds the poly-A tails of the m.RNA 

IC molecules (13) . The mRNA is then exposed tc 

radioact ively labelled probe on a nitrocellulose 
m.embrane, and the probe hybridizes to and thereby 
labels complementary mRNA sequences. Binding may be 
detected by luminescence autoradiography or 

15 scintillation counting. However, other metnods for 

performing these steps are well knowm to those skilled 
in the art, and the discussion above is m^erely an 
exampl e . 



20 This invention further provides another method to 

detect expression of a PSM or PSM' antigen m tissue 
sections which comprises contacting the tissue sections 
with a labelled nucleic acid molecule of at least 1 E- 
nucleotides capable of specifically hybridizing with a 

2 5 secruence of nucleic acid molecules encodrng a m^ammtalian 

PSM antigen under hybridizing conditions, determ.ining 
the presence of m^RI^A hybridized to the m;olecule and 
t^hereby detecting the expression of the miammialian ?SN' 
or PSK' antigen m tissue sections. The prcnes are 
: also useful for m-situ hybr loi za t ion or m order tc 

locate tissues which express t ^ ^ of-ne , or fcr other 
hybridization assays for the presence of this gene or 
Its mJlNA rn various biological tissues. Tne m-situ 

hybridization using a labelled nucleic acid molecule is 

:5 well know^n m the art. Essentially, tissue sections 

are incubated w^ith the ^Labelled nucleic acia -clecul-- 
^, cill:'W rr;-- h\'br idi zat icn t- . "'n- v: : \ : 
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c a r r y a rr.a r k e r f c i" zr.^ a e ^ e c 1 1 c :\ because it is 
"labelled" , tihe arr.our. t cf the r.t'bric: will be detei~rT".ir.e':: 
based on zne detection of tne art.ount of tne marker and 
so wil^ the expression of FSM antigen. 

Tnis invention further provides isolated ?SK or PSM' 
antigen nucleic acid rriolecule op-era ti very linked to a 
prcrr.oter of PICA transcription. The isolated PSK or 
PSM' antigen seq^jence can be linked to- veoto^r systems. 
Varic>us vectors including plasmid vectors, cosrr^id 
vectors, bacteriophage vectors and other viruses are 
well known to ordinary skilled practitioners. This 
invention further provides a vector which comprises the 
isolated nucleic acid m.oleoule encoding for the PSM c>r 
PSM ' ant igen . 



As an exam^ple to obtain these vectors, insert and 
vector DNA can both be exposed to a restriction enzyme 
to create complementary ends on both molecules which 

20 base pair with each other and are then ligated together 

with DNA ligase. Alternatively, linkers can be ligated 
tC' the insert E^NA which correspond to a restrict ic-n 
site in the vectc^r DNA, which is then digested with the 
rest rirt ion enz^mne which cuts at that site. Cither 

25 m.eans are also available and known to ^ an ordinar\' 

ski lied practitioner . 

In an embodiment, the PSM seq^jence is cloned m the Not 
I /'Sal I site of pSh'ORT/vec t c-r (Giocc- - BRL;- . Th.is 
oLasmid, oSlA-PS'-', was deposited tn Augus t 14, 1 y ^ 
witn the American T^oje Culture Collection iATCC;, 12301 
Parkla\^T: Drive, Rockville, Maryland 20852, U.S.A. under 
the provisions of the Budapest Treat \' for the 
International Recognition of the Deposit of 
1-5 Ki oroorgani smi for the Pur peases of Patent Procedure. 

Plasm.id, p55A-?SK, was accorded ATCC Accession Num.ber 
7 52 94 . 
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-28 - 



This invention furtiher provides a nost vector systerr. 
for the production of a pcl>Teptide navmg the 
biological activity of the pros t at e - spec i f i c membrane 
antigen. These vectors may be transformed into a 
suitable host cell to form a host cell vector system 
for the production of a pc l\-c;ep 1 1 de having the 
biological activity of FSM antigen. 



Regulatory elements required for expression include 

10 promoter sequences to bind RNA polymerase and 

transcription initiation sequences for ribosome 
binding. For exam.ple, a bacterial expression vector 
includes a promoter such as the lac promoter and for 
transcription initiation the Shine -Dalgarno sequence 

15 and the start codon AUG (14) . Similarly, a eukaryotic 

expression vector includes a heterologous or homologous 
promoter for RNA polymerase II, a downstream 
polyadenylation signal, the start codon AUG, and a 
termination codon for detachment of the ribosome. Such 

20 vectors may be obtained commercially or assembled from 
the sequences described by methods well known m the 
art, for example the methods described above for 
constructing vectors in general. Expression vectors 
are useful to produce cells that express the PSM 

2 5 ant igen . 

This invention further provides an isolated UNA or cDNA 
m^olecule described hereinabove wherein the host cell is 
selected from, the group consisting of bacterial cells 
3: ^such as E . col i ) , yeast cells, fungal cells, insect 

cells and aniitidl cells. Suitable anim.al cells include, 
but are not limited to Vero cells, HeLa cells, Cos 
cells, CVl cells and various prim.ary m.amm>alian cells. 

3E This invention further provides a miethod cf producing 

a polvx)eptide having the biological activity of the 
orostat^ ::pecific menibi cin- ari*:: "ien wh)":. '^omp r : ^ : n 
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grov;ing host cel^s cf a vemr sysie::, icr. t a i i r: c: 
P £ a 1 1 g e r. sequence under s u 1 1: a r 1 e c i n d 1 1. : c r. 
perrr.ictmg produc::ion cf nne pol\^ep:iiae anu reuuverir. 
the pcl^^^eptide so produced. 

T ni s m \^ e n t c o r. p r o '/ 1 d e s a r, a rr.- a 1 1 a n cell c c- :: r i s i :\ - 
D:n:a molecule encodrng a rriamrr.a 1 1 an PSK or PSM ' anti aer 
such as a marnrrLalian cell comprising a plasmid adaoti 
for expression in a mammalian cell, v;hich ccmorices 

10 ul^A mclecuie encoding a miam.mialian PSM antigen and t 
regulatcry elem.ents necessar\' for expressio^n of tne D:: 
m the mammalian cell so- located relative to the Li: 
encoding the mammialian PSM or PSM' antigen as to n*ermo 
expression thereof . 

1 5 

Num.erous miammalian cells m,ay be used as hosts 
including, but not lim.ited to, the m.ouse fibro>tlaf 
cell NIH3T3, CKO cells, HeLa cells, Ltk' cells, 
cells, etc. Expression: plasm.ids such as that descrih-- 

20 sun-ra may be used to- transfect mam.m^alian cells t 

m.ethods well known m the art such as calcium, phosclna' 
precipitation, elect roporat ion or DNA encoding t: 
m.ammalian PSM antigen m.ay be otherwise introduced m: 
m. ammia 1 i a n cells, e.g., hy m; i o r o i n ] e c 1 1 o n , t c o r t a : ■ 

25 m.ammalian cells which com.prise DNA, e.g., cDNA or 

plasmiid, encoding a miamimialian PSM antigen. 

This invention p r o \^ i d e s a m.e t h o d for d e t e r mo. n : : 
wliether a liqand can nind to a mammalian piostat- 

11 ^:peciiio membrane an: : v; : . i u. com.pri s e s c :,tcct.. : 
mammalian cell co:r.p ^ c i ng cn . isolate u i:;; :::cl-.:iu 
encoding a m.am.m.a 1 1 a n r r :: s t a ^ c specific e m.r :^ r . e .-o m :o: - . 
•-•ith tne ligand uno- ■ ndi- i us permi:* : r. .: . . 

... iganos to tne ma:- - : _ : an pr o t a t e ■ so ■. v i :: . : 

15 ;intigen, and there; y ceterm^ning whet:".e: ";.e ^" 

:-inds to a mammalian n r c :r t a t e - spe : 1 1 :^ i 

n 1 1 cren . 
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This invention further provides ligands bound to the 
rr.amo-.al lan PSM or PS:<' antigen. 

This invention also provides a therapeutio agent 
5 comprising a ligand identified b\' the anove - de s or ibed 

method and a cytotoxic agent oon:ugated thereto. The 
cytotoxic agent may either be a radioisotope or a 
toxin. Examples of radioisotopes or toxins are well 
known to one of ordinary skill m the art. 

1 0 

This invention also provides a method of imaging 
T^rostate cancer in hum.an patients which cc-mprises 
admiinistering to the patients at least one ligand 
identified bv the above - described m.ethod, capable of 

15 binding to the cell surface of the prostate cancer cell 

and labelled with an imaging agent under conditions 
permitting formation of a complex between the ligand 
and the cell surface PSM or PSM' antigen. This 
invention further provides a composition comprising an 

20 effective imaging agent of the PSM OR PSM' antigen 

ligand and a pharm^aceut ically acceptable carrier. 
Pharmaceutically acceptable carriers are w^ell known to 
one of ordinary skill m the art. For an exam^ple, such 
a pharmaceutically acceptable carrier can be 

25 physiological saline. 

Also provided by this invention is a purified miamimialian 
PSM and PSM' antigen. As used herein, the term; 
"nurified rrosr at e - spec : f i c miem^brane antigen" snal^ 

IC mean isolated na t ur a 1 1 \^ - occurr ing pros tat e - spec i f ic 

m,e mio r a n e antigen ; j i p i ^ t n p u r i f i e o r r cm, nature or 
manufactured such that the primary, secondary and 
tertiary conf ormiat ion , and pes 1 1 rans 1 a 1 1 ona 1 

modifications are identical to natura 1 ly - occur r mg 

:e m.aterial; as well as non - natura 1 ly crcurring 

pod yoept ides having a prim.ary structural con f orm.a 1 1 on 
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^ ^ ■ — p o ^ yp epciaes ir.c^uae aeri\'ati \' e s ana a r. . 

" " ^ s 1 r. \^ e r. 1 1 o r. p' r c v i d e s a r. i s c 1 a 1 e d n u cl ^'^r : 
T^o^ecule encoding a pros t a t e - spe c: i f i c iTien^.brane 

L '"r a r * t: h e sequence as m Figures B E A -BSC. 

B":.iF invention provides an isolated nuol-^ 
"^'^^ecule encoding an a 1 1 erna t i ve 1\' snliced : : 
r p e c 1 f 1 c me rrib rane antigen pr omo' t e r . 

'B z 1 n ve n 1 1 c n further provides a pel \^ e p 1 1 c: 

/ 1 ne isolated maTimalian nucleic acid seauen^^-- 
:.nd PSM' antigen. 

it IS believed that there rtiay be natural 
i::teracting with the PSM or PSK' antigen. 
::v/'^ntion prcivides a net hod to identify sum 
li-;;'and or ether ligand which can bind to to-' 
? S >' ' a n t i cj e n . A Tt. e t ho d t c^ i d e t i f v t ' 

c-u:u: rises a'' coupling the purified rtamnali^-n 
B.->;' antigen to a solid matri>:, bi incut-::, 
'"-"tup led purified mammalian PSM or PSM' nrotei;. 
ru.:tential ligands under the conditions^ : - : : 
r.:^r.d:^nq of ligands and the p-urified pSM 
antigen; c) washing the ligand and coupled p- 
cammialian PSM or PSM' antigen com.plex formed :: 
^- ^ ^'^u n a t e the nonspecific i n d i n g and i m.n : i ■ 



pre. 1 ems tc a so^ic mati^:-; are we 
Pttcntial Imands may ei::>'c' be c 

u.e:.:. The conditions I'l Imdir 
— - V-=v'^ v^^^r^ ^ 
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The iigand-PS.M anniger, complex will be washed. 
Flnall>^ the bound ligand will be eluded and 
characterized. Standard 1 igands characterization 

techniques are well know\n m the art . 

The above method may alsc be used to purif\' 1 igands 
from any biological source. For purification cf 
natural iigands in the cell, cell lysates, serum; or 
other biological samples will be used tc incubate with 
10 the mammalian PSM or PSM' antigen bound on a m.atrix. 

Specific natural ligand will then be identified and 
purified as abo\'e described. 

With the Drotein seq^uence mf orm.a 1 1 on , antigenic areas 
15 ma\' be identified and antibodies directed against these 

areas may be generated and targeted to the prostate 
cancer for imaging the cancer or therapies . 

This invention provides an antibody directed against 
20 the amino acid sequence of a mammalian PSM or PSM' 

ant igen . 

This invention provides a methcd to select specific 
regions on the PSM or PSM' antigen to generate 

25 antibodies. The protein sequence may be determ.ined 

fromi the PSM or PSM' DXA sequence. Am.mc acid 

sequences m.ay be analyzed by methods well Known to 
those skilled m the art to determiine whether the\' 
produce hydrophobic or hydrophilic regions m the 

31 proteins which they b.::ld. In the case of cell 

membrane proteins, hydiup:iubic reqions are well known 
to form the part of the protein that is inserted into 
the lipid bilayer of the cell miemibrane , while 
hydrophilic regions are located on the cell surface, m 

IE an aqueous environment. Usuall\', tne n\'drcphilir 

regions will be more imimturiogen i c tnan the nyarophobic 
reaions. Inerefcre : h^ hy c i ^_ n ^ 1 i n'-.n.. ^ j i 1 
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sequences Ttay be selected and '^sed generate 
antibodies specific to :T.ar:^;rT^.a 1 1 an ?SM antiaen. For an 
n d p b " ' " s *^ c^ ' ^ 



easily seiectec. 7ne selectee peptides rr.ay i:e crenared 
using corTimercial ly available rr.achmes . As an 

alternative, DNA, such as a cDICA cr a fragrrient thereof, 
t^^a\* be cloned and expressed and the resulting 
pcl^-peptide recovered and used as an imrr.unogen . 

r-o^\'c^ona^ antioocies against these peptides r,a\' be 
prC'duced by immunizing animals using the selected 
peptides. Monoclonal antibc^dies are prepared usina 
hybridom.a technology hy fusing antibodv nroducina 3 
cells from, immunized animials with myelom.a cells and 
selecting the resulting hybridomia cell line nroducina 
the desired antibody. Alternatively, monoclonal 

antibodies may be produced by in vitro tecr^niq-ues knov.^ 
to a person of ordinary skill m the art. These 
antibodies are useful tc; detect the excression of 
miammalian PSM antigen m living animals, m hum.ans , or 



in biological tissues or fluids 
or humtans . 



isoiatea trort animals 



In one embodiment, peptides Asp - Glu - Leu- bys - Al a - G lu 
■;SEQ ID No. Asn-Glu-Asp -Gly-Asn-Glu :SEQ ID No. } 



anc 



ys-Ser-Pro-Asp-Glu-Gly (SEQ ID No. ; of human 



antiaen are selected, 



mionoclcnal ant ibody ( i es ) against peptides Aso-Glu-1 
Dys-Ala-Glu (SEQ ID No. ), Asn - Glu - Asr^ - G 1 v- Asn - 

\ ^ ^ W I G NC' . ; and Ly s - S e r - P r o - Asp - G 1 u - G 1 \' ( S E v I G 



-nis invent i( 
antibodies c 



viaes a t neraii-eu 1 1 c aaent 



1 1 o a n a t s , 



^ d against PSV. antiaen 
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ar.d a cytotoxic agent conjugated theretc or antioodies 
linked enz s which activate prodrug to kill the 
tumor. The cytotoxic agent r.a\' either oe a 

radi c> 1 so t ope or tcxm. 



This invention provides a method cf imaging prostate 
cancer in hum.an patients which com.p rises adm.ini s t er mg 
to the patient the m.onoclcnal antibody directed against 
the peptide of the miammLalian PSM or PSK' antigen 
10 capable of binding to the cell surface of the prostate 

cancer cell and labeled with an im>aging agent under 
conditions permitting formation of a complex between 
the monoclonal antibody and the cell surface prostate - 
specific m.em.brane antigen. The i mi aging agent is a 
raaioisotope such as xnaiumi 

This invention further provides a prostate cancer 
specific imaging agent comprising the antibody directed 
against PSM or PSM' antigen and a radioisotope 
20 conjugated thereto. 

_ TDrovidGsaco mip osi«-ion co mip i ^ c i n g 

an effective imaging amount of the antibody directed 
against the PSM or PSM' antigen and a pharm^aceut ical ly 
25 acceptable carrier. The methods to determine effective 

1 m a g i ng amioun t s are well kn own to a sKilled 
or ac t i t ioner . One method is by titratii^n using 

different amioun ts co the antibody, 

2 1 1' h 1 s invention I u r t h e r p r o v i q e s an i miiTiU n o a 5 s a \' i o i 

measuring the amount or tne prostate - speci f ic mem.orane 
antigen in a biological sample comprising steps of a) 
contacting the biological sam.ple with at least one 
antibody directed against the PSM or PSM' antigen tc 

35 form; a com.plex with saio antibody and the prostate- 

specific memlorane antigen, ana b; mieasuring tne am.ount 
of ^,h^ crest ate - spec 1 f 1 c m.embrane anticren i:\ saic 
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fcio logical sa r.p 1 e ty - e a s u r i r. g r. r. a ^. c u n t c f said 
c "■rr.p lex. One e x a r^.p le cr tr.e r:i2lcgical sa rr.p 1 e is a 
seruT: sa-pl e . 



5 Tr.is m'/enn ion provides a T.einod ic purif\- rranrualian 

prc-srace - s pe c i f i c rr.enlr rane antigen c c^T^.p rising soeps of 
a/ coupling the antibody directed against the FSM or 
PSK' antigen to a solid rtia t r i x ; h ) incubating t n e 
ccupled antibC'dy of a.: witn lysate containing prostate- 
11 specific rteinbrane antigen under tne condition which tne 

antibod;;' and prostate rtenbrane specific can nmd; c 
washing the solid rr.atrix to elirr.mate impurities and d; 
eluting the prostate - speci f ic t^embrane antigen frort the 
coupled antibody . 

I 5 

This inventic^n also prC'Vides a transgenic nonhurrLan 
TTiammal which conip-'rises the isolated nucleic acid 
molecule encoding a mammalian PSM or PSM' antigen. 
This invention further provides a transgenic nonhuman 

20 miammial whose genomte comprises antisense DNA 

c om.p 1 em>ent ary to DNA encoding a m.am.m.alian p rest at e- 
specific membrane antigen so placed as to be 
transcribed into antisense mRNA compdement ary to m.RNA 
encoding the pros t at e - spec i f i c m^emibrane antigen and 

25 which hyt'ridizes to mJ^CA encoomg the prostate specific 

antigen thereby reducing its translation. 

An 1 mia 1 mode 1 s y s t em^s wtn i c h elucidate the physiological 
and behavio^ral roles of mam-^lian PSK or PSM ' antigen 

II are produced ny creating transoenir anim.als m v;nicn 
the expression of the PSM or PS'-'' antigen is either 
increased or decreased, or the amiino acid sequence of 
the e xp r e s s e d PSK antigen is altered, n\' a v a r i e t \' o f 
techniques. Examples of tnese techniques intrude, nut 

35 are not limited to: 1' Insertion of normal cr mutant 

versions of DNA encoding a ma mm.a 1 1 a n PS o i^ PS M ' 
antigen, n%' mu ore m;] e c t ion , e 1 ec t ropora 1 1 on , retroviral 
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transf ecricn or other means well knowri rc those ski lied 
in the art, mtio appropriate fertilized er-.bryos m 
order to produce a transgenic animal ; 16'^ or 2 
Homologous recombination (17; of m.utant or normal, 
humian or anirrial versions of these genes with the nat ive 
gene locus m transgenic animials tC' alter the 
regulation of expression or the structure of these PSK 
cr PSM'' antigen seq-aences . The techni^q^ue c^f hc^mologc-us 
recom.binat ion is well known in the art. It replaces 
the native gene with the inserted gene and so is useful 
for producing an animal that cannot express native PSM 
antigen but does express, for example, an inserted 
miutant PSM antigen, which has rep-^laced the native PSM 
antigen in the animal's genom.e by recom.binat ion , 
resulting m undere xpression of the transporter. 
Microinjection adds genes to the genome, but does not 
remove them, and so is useful for producing an animal 
which expresses its own and added PSM antigens, 
resulting in over expression of the PSM antigens. 

C'ne means available fcr producing a transgenic animal, 
with a mouse as an example, is as fellows: Female 
m;ice are m.ated, and the resulting fertilized eggs are 
dissected out of their oviducts. The eggs are stored 
in an appropriate medium, such as Me medium (16) . DNA 
or cDNA encoding a miamimialian PSM antigen is purified 
from; a vector by m.ethods well known m tne art. 
Inducible oromoters m^ay be fused with the codma region 
of tne DNA to rrovide an experimental means to regulate 
expression of the trans-gene. Alternatively or m 
adaition, t'is.sue specif^^ regulatory elements mia\' be 
fused with the coding region to perm.it tissue - speci f ic 
excression of the trans -gene. Tne DKA, in an 

appropriately' buffered solution, is put into a 
m. 1 c r o 1 n ^. e c 1 1 o n needle wh i c h m^a y re made f r om c a p 1 1 1 a r \' 
tubing using a pi pet c^uller; and the egg to oe injected 
l^; T...t a o^Tor-'^ss ion -liue. Th-^ n--ul- -. r.^^- r r -] 
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mtc the pronucleus cf tne egg, and the DKA scluticn is 
^n-ected. The m peered egg is then transferred mtc 
the s 1 du c t c f a p s e u d c p r e g n an t r7> o u s e \ a c u s e 
stimulated b'^* tne appropriate horT^ones tu o.amtam 
pregnane;/ but which is not artuall;/ pregnant , where it 
proceeds to the uterus, inplants, and develops to tero, . 
As noted a bo ve , tt> i c r c r n 3 e o 1 1 o n is not the only rt; e t h o d 
for inserting DNA mto^ the egg cell, and is used nere 
only for exemplary purposes. 



Another use of the ?S:< antigen sequence is tc istlate 
homologous gene c-r genes m different mammals. The gene 
or genes can be isclated by low strrngency screening of 
either cDNA or genom.ic libraries c^f different mammals 

15 using probes from PSK sequence. The positive clones 

identified will be further analyzed by DKA sequenoma 
techniques which are well know^n tc- an ordinary- person 
skilled in the art. For exam.ple, the detection of 
memLbers of the protein serine kinase fam.ily by homolo^gy 

2 0 probing . 

This invention provides a m.ethod of suppressing cr 
modulating m.etastatic ability of prostate tum.cr cells, 
prostate tumor growth or e 1 imiina 1 1 c-n O'f prostate tumLor 

25 cells comprising introducing a DNA mo»lecule encoding a 

prostate specific membrane antigen O'peratively linked 
to a 5' regulatory element into a tum.or cell of a 
subject, in a way that expression of the prostat^^ 
spenfic m.em.brane antigen is under the oo::trcl of the 

^ - r-g-.: 1 a t o ry element, tnorcot' suppressmo 01 du 1 a 1 1 nu 

metastatic ability of prostate tumor cells, orostate 
tumor grciW'th cr elim^i nation of prostate turn, or cells. 
The subject m.a^' be a mam^mia^ or m.ore specif icallv c; 
numnan . 

1 n O' n e e mb o d 1 m>e n t , tne D:C A m, o 1 e c u 1 e e n o o^ d 1 n g t r o s t a t e 
specific miem;brane antigen cperatively linj-:eo to a 
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regulator^' element forms part cf a transfer vectcr 
whrch IS inserted into a oell or crganisrrL. In addition, 
the vector is capable or replication and expressio-n cf 
prostate specific membrane antigen. The DNA molecule 
encoding prostate specific m^em.brane antigen can rz^e 
integrated into a genome of a eukaryotic or prokaryotic 
cell or m a ho s t cell containing a n d / o r e xp r e s s i n g a 
prostate specific miemJ^rane antigen. 

Further, the DNA molecule encoding prostate specific 
membrane antigen may be introduced by a bacterial, 
viral, fungal; anim.al or liposomal delivery vehicle. 
Other means are also available and knovm to an ordinary 
skilled practitioner. 

Further, the DNA molecule encoding a prostate specific 
mem.brane antigen operatively linked to a promoter or 
enhancer. A number of viral vectors have been 

described including those made fromi various prom.oters 
and other regulatory elements derived from virus 
sources. Promoters consist of short arrays of nucleic 
acid seq^aences that interact specifically with cellular 
proteins involved in transcription. The comibination of 
different recognition sequences and the cellular 
concentration of the cognate transcription factors 
determines the efficiency with which a gene is 
transcribed in a particular cell type. 

Exa^O'les of suitable promoters include a viral 
orcmiOter. Viral prom.oters include: adenovirus 

promoter, an ^xmian virus 4C ( £V4 C ; promoter, a 
cytomegalovirus (CMV) promoter, a mouse mammary tumor 
virus (MMTV) promioter, a Malony m.urine leukem.ia virus 
o^rC'miOter, a miurme sarcom.a virus prom.oter, ar.d a Rous 
sarcom.a virus prom.O'ter . 

rurtn^^r, .ii^othei su^tciL'^-- ; r -^^m, -o y .1 n^ ,^'" rno:;;: 



20 



25 




Also suitable as a prorr.oter is an animal cell promcter 



L^SO 



)romocer 



.xamn^es cr 



er, a CYCl 

promoter, a CUP prorriOter, an ENOl prc^mcter, a GAL 
tiro^o^er a ?H0 promoter, a PGl". cromc-ter, a GA.PDH 
P'romoter, a mating -IT^^ factor promoter. Further, 
P'lant cell prom.oters and insect cell urometers are also 
suitable for the methods described herein. 



This invention provides a method of suppressing or 
20 miodulating metastatic ability O'f prostate tumor cells, 

prostate tumor growth or elimmatic^n of prostate tumour 



trostate soecific memibrane antigen C'peratively linked 
tC' a 5' regulate r y e 1 e m.e n t coupled with a t h e r a p e u t r c 
DKA into a tumor cell of a subject, thereoy suppressing 
c:' r;odulatlng metastatic ability cf prostate tumor 
cells, prostate tumicr growth or elimination of prostate 

-7- o ^ 1 _ d ^ J- \' cj. 1 1 u m d n . 



* t he r , the therapeutic DN A. wh i c h i 



; r C' s t a t e 



^ ^^"r . — ^ ^ ^ _ 



, 1. cx^ ^-z^ 



2n, or a pre -drug activating enz\^e 
. 1 s o a \* a 1 ^ a n _ e ana n o w n t 
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p ract It loner . 

Ir. addition, this invention provides a prostate tumor 
oell, con^.orismg a DNA molecule isolated from. miamLm.alian 
5 nucleic acid encoding a miammialian pros t at e - spec i f i o 

m.emibrane antigen under the control of a prostate 
specific m.em.brane antigen operatively linked to a 5' 
regulatory elem.ent. 

10 As used herein, DNA molecules include complementary DNA 

(cDNA), synthetic DNA, and genomLic DNA. 



This invention provides a therapeutic vaccine for 
Dreventing humian prostate tum.or growth or stim.ulation 

15 of prostate tumor cells in a subject, comiprismg 

administering an effective amount to the prostate cell, 
and a pharmaceutical acceptable carrier, thereby 
preventing the tumor growth or stimulation of tumor 
cells m the subject. Other means are also available 

20 and known to an ordinary skilled practitioner. 



This invention provides a nietliod of detecting 
hematogenous m>icromet ast ic tumor cells of a subject, 
comprising (A) performing nested pol^onerase chain 

25 reaction (PGR) on blood, bone miarrow or lym.ph node 

samples of the subject using the prostate specific 
mtemibirane antigen primiers or alternatively spliced 
prostate specific antigen primiers, and ( B ; verifying 
mi crome tastases by DNA sequencing and Sc-uthern 

31 analysis, thereby detecting hematogenous m^i c rom.e t as 1 1 c 

tum.or cells of the suhje^T. The subject may be a miammal 
or more specifically a human. 

Tne micrometast at ic tum,or cell m^ay be a prostatic 
E cancer and the DNA prim;ers m^ay o^e derived from prostate 

specific antigen. Further, tne suojec*:. m^ay be 

-1"^. : n : ~ t c r e d v; i z n s i m.u 1 1 a n u s i y ^ r. ^ f ^ ^r*: i \' a mo: : n " f 



wo 96/26272 PCTa'S96/02424 



:\ c r rr. o n e s , s c as 
soec 1 f 1 r r^ierri:rar.e 
c \' t c: in e a \ ' b e 
con line t: i or. wit h 



increase expression or 



)St at* 



y d X d L, e . 



:.rr".ones . C\-'tOKines moiuae, cut are 
t r a n s f c r i n g g r o w t n factor o^e t a , 
jrO'Wth faotco' .E3F tarro^vn t ir:rc;i:; last growtn 
factors, hepatO'Cyte growth factor, insulin -like growth 
facto^rs, E-ner-v'e grow^tn factor, platelet - derived growth 
f a c t !■ r , vascular e n io t n e 1 1 a ^ g r o w t n r a c t o r , i n t e r ^ e u k i n 
1, IL-1 receptor antagonist, mterleukm 2, mterleukm 
3 1 n. o e r 1 e u k 1 n 4 , i n t e r 1 e u k i n 5 , mterleukm 6 , 1 L - 6 
soluble receptor, mterleukm 7, interleukm S, 
mterleukin 9, interleukm 10, mterleukm 11, 

mterleukin 12, interleukm 13, angiogenm, ohen^okmes, 
colcnv stimulating factors, granulocyte -macrophage 
colony stimulating factors, erythrcps let m , interferon, 
interferon gamma, leukem.ia inhibitory factor, 
oncc>statin M, p>le iot rophin , secretory leukocyte 
protease inhibitor, stem, cell factor, tumor necrosis 
fa:~'tors adhesion miOlecule, and soluble tum.or necrosis 
f a o t O' r ' TNF ) r e o e r: t o r s . 



This invention proviaes a miethod of abrcgatmg tne 
m.itc:genic response due to transferrin, comp^rismg 
2 5 introducing a DNA miolecule encoding prO'St. ate sp»ecifio 

memibrane antigen op-eratively linked to a 5' regulatory 
element into a tum.or cell, the expression of which gene 
IS directly' a s s c^ c i a t d with a defined p a t n o 1 o g i c a 1 




t u mi or cell m. a y be a i 



invent i on 



: o mo rises: a 



d ^ ^ ^ Oil 



e >: t r a c : 



sa: 



1 n c: a R!C A se orotecti; 



"estate 
"estate 
n a s s a \ ' 



. s sue 
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RNA thereby forir.ing a duplex RNA-RNA hybrid; d 
aecectmg PSM and PSM' arr^ounts in the tissue sample; e 
calculating a PSM/PS:^' tumor index, thereb\' determining 
prostate cancer progression m tne suc^ect. In-situ 
5 hyr ibridizat ion may be performed m conjunction with 

the above detection method. 

This invention prc'Vides a method of detecting prostate 
cancer in a subject which comprises: ^ai chtaming 

10 from a subject a prostate tissue sample; (b) treating 

the tissue sample so as to separately recover nucleic 
acid molecules present in the prostate tissue sample; 
(c) contacting the resulting nucleic acid molecules 
w^ith multiple pairs of single - stranded labeled 

15 oligonucleotide primers, each such pair being capable 

of specifically hybridizing to the tissue sample, under 
hybridizing conditions; (d) amplifying any nucleic 
acid molecules to which a pair of primers hybridizes so 
as to obtain a double - st randed amplification product; 

20 (e) treating any such double - stranded amplification 

product so as to obtain single- stranded nucleic acid 
molecules therefrom.; (f) contacting any resulting 
single - St randed nucleic acid molecules w^ith m.ultiple 
single -stranded labeled oligonucleotide probes, each 

25 such probe containing the same label and being capable 

of specifically hybridizing w^ith such tissue sam.ple, 
under hybridizing conditions, (g) contacting any 

resulting hybrids with an antibody to which a m.arker is 
attached and which is capable of specifically forming 

3 0 a comniex with the labe led -prc^be , wnen tne probe is 

ore sent m such a co^dI^x. under complexmg conditiC'ns; 
and (h) detecting the presence of any resulting 
com.plexes, the presence thereof oemg indicative of 
prostate cancer m a subject. 



This invention provides a m.ethod of enhancing antitody 
L-as^d rargetmg of PSM PSM' ::. prostate rissu^- for 
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diagnosis cr tinerapy cf prcscate cancer cor.prisir^- 
ad-rinis- erirg tc a racierc n - FGF m sufficient aTcunt 
cc cause upregulauicn cf PSNi cr ?£>'' expression. 

E This invention provides a ir^.ethod of enhancing antibod\' 

cased oargeomg of t SK cr ?SK' m prcstaoe oissue for 
diagnosis cr therary of prostate cancer coo.prismg 
administering to a patient TGF in sufficient amount to 
cause unregulation cf ?SM expression cr PS!/'. 

T n 1 s 1 n\^ e n 1 1 o n p r o v i de s a rr.e t h o d of enhancing a n 1 1 n o dy 
based targeting of PSM or PSK' m prostate tissue for 
diagnosis or therapy of prostate cancer comprising 
administering tc a patient EGF m sufficient amount to 
15 cause upregulation of PSM or PSM' expression. 

This invention provides a pharmaceutical com.positicn 
comiprising an effective amount cf PSM or the 

alternatively spliced PSM and a carrier or diluent . 

2 0 Further, this invention provides a m-ethod fc^r 

adm.inistering tc^ a subject, preferably a hum.an, the 
pharm.aceut 1 cal composition. Further, this invent ic^n 
provides a composition compr-ising an amount of PSM o:r 
tne alternatively spliced PSM and a carrier or diluent . 
25 Soec 1 f ical 1\' , this invention miay be used as a food 

addi t ive . 

Tn^ com.nos 1 1 ic^ns are administered m a m^anner 
comnatible with the dosage formulation, ano m a 
2Z t ner apeu t 1 cal ly effective amount. Precise amounts oo 

aoti'/e ingredient reouired to oe aam.ini s t ered depend on 
tne nudgm:ent cf the practitioner and are peculiar to 
each subject. 

3 5 Suitable regimes for initial administration and booster 

snots are also variable, but are t\T:^ified by an initial 
a d mi 1 n 1 s t r a 1 1 o n followed by repeated dcoes at one ci" 
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TTrDre hour mcervals oy a subsequent 
a drr. i r. i s t: r a 1 1 on . 



As used herein ad- mi sr rat ion rr^eans a -e...o^ ^. 
- ■ ■ - - ^..v^-^^^- c::irh metnods are wel_ 



XX'O S>S/335>03 



F* T/ A. I. ' ^8 /O O O 5; V 



OX) 



vehicles commonly used 1 6""""^"f oinmiTa t: e prra r ma ce u u 1 e: a x 
J ^ ^- .-. .... -c ^ r^. rp. ^ -r h niTi n a dm, i n 1 s r r a t i C' n . T h. e 



aiiuenu ±i=> ^i^^xc^l-^oi lz.^ 



.■E.yaro.Ql.e...s.....Q.f suc.h. di lugr.t 

25 ^ are distilled water, phyliologicai saTlne, i^.xnyex ^ 

. , „ ^. ._ 1 , , 4- ^ ^ u ^ T-il-^o c:o^;ii'^i on T n 

SOlUL-xOii, i^^^. ^^^^'^ ^^^^w^ , 

_■ ^ J . ^-u -^.-v-m^ j- 1 r-a "I r'omnns 1 ion oi f ormiulat: lon 



may also 



include other carriers, d-ajuvants; or 
nontoxic, nontherapeut i c , nonimmunogeni c staoilizers 
and the like. Effective amounts oi sucn ci_^_.e..._ 
car-^-ier are those amounts which are elf-oiive to ootam 
a pharmaceutically acceptable formulation m terms of 
solubility of components, or biologica- 



.s invention 



will be better undeistooo 



Experimental Details wnich fo.iow. r.owever , 

c-v—^l^^:\ m the art will readily appreciate tna: 



w men to 1 ±ov; 
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EXPERIMENTAL DETAILS 
EXAMPLE 1: 

5 Materials and Methods: The approach for clor.ing rhe 

gene involved purr f icat ion of the antigen 
immunoprecipr tat ion, and rr^i c rose que nc i ng c^f several 
internal peptides for use m synthesizina degenerate 
oligonucleotide primers for subsequent use m the 
10 polymerase chain reaction (19, 20) . A partial cDNA was 

am.plified as a PGR product and this was used as a 
homologous probe to clone the full-length cDNA molecule 
from a LNCaP (Lymph Node Carcinom^a of Prostate ) cell 
line cDNA plasmid library (8) . 

Western Analysis of the PSM Antigen: Mem.brane proteins 
were isolated from cells by hypotonic lysis followed by 
centrif ugat ion over a sucrose density gradient (21) . 
10-20^g of LNCaP, DU-145, and PC-3 membrane proteins 

20 were electrophoresed through a 10% SDS-PAGE resolving 

gel with a 4% stacking gel at 9-10 milliamp:s for 16-18 
hours. Proteins were electroblot ned onto PVDF 

m.em.branes (Millipore- Corp,) in transfer buffer (4SmJ^ 
Tris base, 39mLNI Glycine, 20% Methanol) at 25 volts 

25 overnight at 4^C. Membranes were blocked in TSB (C.15M 

NaCl, C.QIM Tris base, 5% BSA) fc^r 3 0 minutes at room 
temperature followed by incubation with 10-15;;g/m.l of 
CYT-356 monoclonal antibody {Cytogen Corp.; for 2 
hours. Membranes were then incubated witn lG-15ug/ml 

3 0 of rabbit anti -mouse im.munog lobul m [AccuraL^ 

Scientific; for 1 hour at roo"^' t pmp^erat ure followed dv 
incubation with ^^^I-Protein A (Amersham^) at 1x10*^ 
cpm./m.l at room, temiperature . Membranes were then wasned 
and autoradiographed for 12-24 hours at - 0 ^ C 'Fi::iure 
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Immunohis tochemical Analysis of PSM Antigen Expression: 

The avidin - bicrir. men hod of ::rr-.uriOh i s r oc nerr-.i ca 1 
deteotior. was e T.p 1 oye d to a r. a 1 \^ z e bono h o rr.a o r i s s o e 
s e c n :l C'n s and cell lines i O' r PSM Ar. n i g e o e >:p r e s s i c- o 
E ■■,22; - Cryostac-cun prcsnane nissue secoioos ^-^uo. 

nhick.' were fixed lo nr.enhaool / acercne for IC o. mutes . 
Cell cytospins were made C'n glass slides using 50,000 
oe 1 1 s / 1 0 0 /1 1 / s 1 ide . Sairpiles were treated with 1% 

nydrogen peroxide in PBS for 10- -15 miinutes m order to 

10 remO'Ve any endogenous peroxidase aotivit-;;'. Tissue 

s e z 1 1 1 n s were washed s e \' e r a ^ times i n PBS, and t n e n 
incubated with the appropriate suppressor serum, for 20 
miinutes. The suppressor serum: was drained o:ff and the 
sections or cells were then incubated w^itn the diluted 

15 CYT- 3 56 monc'clonal antibody for 1 hour. Samples were 

tnen washed with PBS and sequentially incubated witn 
se::ondary antibodies (horse or goat imimunoglobulins , 
1:200 dilution for 30 minutes), and w^ith avidm - biot in 
complexes (1:25 dilution for 30 m.inutes) . DAB was used 

20 as a chromogen, followed by hemiatoxylin counters taming 

and mounting. Frozen sections of p^rc-state samples and 
duplicate cell cytospins were used as centre Is for eacn 
experiment. As a positive co^ntrol, the anti- 

cytokei'atin monoclonal antibody CA!< 5.2 was used 

25 fcllowing the same procedure described above. Tissue 

sections are considered by us to express the PSM 
antigen if at least 5% of the cells dem.onstrate 
imim.unorea c t i vi ty . The scoring systemi is as foTlows: 
1 = <5%; 2 = 5-19%; 3 - 20-75%; and 4 - >7E% positive 

fc-r 'cy evaluating posit: ve and negative cells m 3-E 
high power light m.icroscopic fields (400x/ , recording 
t n e percentage o t p o s 1 1 1 e o e ^ ^ s a m. c- n g ^ ^ ^ - d ^ ^ c e ^ ^ s . 
Toe intensity of immunost a mi ng is graded cn a 1- to 4- 
3r scale, w^here 1^ represents mold, 2-3- represents 

miCt derate, and 4^ represents intense i m.m/u n o s t a m m g as 
com.oared to oositive controls. 
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-4 B - 

Immunoprecipitation of the PSM Antigen: 8 C % - cor.f luent 
LNCa? cells m lOOrr.^. petri dishes were starved in RPMI 
media without methionine for 2 hours, after which ^^S- 
Methionine was added at lOOMCi/rr.l and the cells were 
5 grown for another 16-15 hours. Cells were tnen washed 

and lysed by the addition of 1ml of lysis ouffer (1% 
Triton X-100, 50m>: Hepes pH 7.5, 10% glycerol, IBOmy 
MgCl^. lrr^< PMSF, ani Im.M EGTA' with incubation for 20 
minutes at 4^C. Lysates were pre-cleared by mixing 
10 with Pansorbin^^ cells ( Calbiochem* ) for 90 minutes at 

4^C. Cell lysates were then mdxed with Protein A 
Sepharose^ CL-4B beads (Pharmacia-) previously bound 
with CYT-356 antibody (Cytogen Corp.) and RAM antibody 
(Accurate Scientific) for 3-4 hours at 4°C. 12^g of 
15 antibody was used per 3mg of beads per petri dish. 

Beads were then washed with HNTG buffer (20mK Hepes pK 
7.5, IBOmiM NaCl , 0.1% Triton X-100, 10% glycerol, and 
2mLM Sodium. Ort hovanadat e ) , resuspended m sample 
loading buffer containing S-mercaptoethanol , denatured 
20 at 95°C for 5-10 minutes and run on a 10% SDS-PAGE gel 

wdth a 4-^ stacking gel at 10 milliamps overnight. Gels 
were stained with Coomiassie Blue , des tamed with acetic 
acid/methanol , and dried down m a vacuumi dryer at 
60°C. Gels were then aut oradiographed for lc-24 hours 
25 at -70°C (Figures 2A-2D} . 

Immunoprecipitation and Peptide Sequencing: 

The procedure described above for immunoprecipitation 
was repeated with 5 confluent petri dishes containing 

3C aot;roximLatel\' 6x10^ LNCaP cells. The 

xiumunoprecipi tat ion product v;as pooled and y-^^nRn into 
two lanes of a 10% SDS-PAGE gel and elect rophoresed at 
9 - 1 C milliamps for 1€ hours . Proteins were 

e 1 e c t r c b' 1 o 1 1 e d o r. t c : : 1 1 r o c e 1 1 u 1 o s e B A. - £ i m e m.b r a n e s 

^ {Schleicher and Scnuell"' for 2 nours at 75 vclts at 
4°C m transfer buffer. f^embranes were stained with 
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proceir; oand was excised, soluhilized, and u^geste:: 
pror.eclyt: 1 ca 1 ly with tr\T:sir. . HPLC was rher. perfcr:^;ed 
— " ti n '3 d. 1 ^ t s s d s a rr> C' — e or- an -^^P p _ i c q li i o s s c e rr, s N' o ci ^ 
171 :Z and clear dC'T.mant peptide peaks were selected and 
5 sequenced by modified Edrr.an degradation on a rriodified 

pest liquid Applied Biosystems Model 477A 
Protern/Pept ide MicrC'Sequencer (22; . Sequencmq data 
on ail of the pep'tides is included within this 
dc'cument . The ammo - term i nus of the PSM antigen was 
11 s e q^u e n c e d by a similar itLe t ho d wh i c h r n vo 1 v e d p u r i f y r ng 

ele ctro-blc-tt ing to a PVL F metrJcrane ( Mr 1 1 ipore ' ^ . 
Protein was analyzed on an Applied Biosystemis Model 
4 77A Protein/Pept ide Sequencer and the amino term;inus 
15 v;as found to be h.-locked , and therefore no seq^uence data 

cc'uid be obtained by this technique. 



PSM Aj:itigen Peptide Sequences: 



20 


2T1 


7 


#5 


SLYES(W)TK (SEQ' ID No. ; 






1T2 






(S) YPDGXNLPGG (g) YQR (SEQ ID 


No 




IT" 




u - 

■r - 


FYDPMFK (SEQ 12- No. ) 






2T2 


1 




lYNVIGTL(K) (SEQ ID Nc . ) 






^ T J^ 






FLYXXTQI PHLAGTEC'NFQDAK ( SEQ 


ID N'o . 


25 


2 T3 




#2 


G/PVILYSDPADYFAPD/GVK (SEQ 


ID Nc. 




2T3 




#1 


A.FIDPLGLPDRPFYR (SEQ ID No . 


) 




2T4 




#b 


YAGESFPGIYDADF2 lESK (SEQ ID 


No . } 




2T4 


7 


#7 


TILFAS (W; DAEEFG:C< (q) STE (e) A ( 





?s : A means tnc 



aue 



Cap'ital denc'tes identification b\ 
a lowei degree of confidence. (lower case 
residue present nut at ver\' lov; levels. ... w.z 
sequence con. tmues but has dropped r^elC'V; der 
1 1 m, r t . 



v; 1 1 n 

: e a n s 
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All cf these peptide sequences were verified tc be 

unique after a corrplete horriclog;/ search cf the 
translated Genbank computer database. 

5 Degenerate PGR: Sense and anti-sense 5'- 

unphosphcrylated degenerate ol igonuclect ide primers 17 
to 20 nucleotides m length corresponding tc portions 
of the above peptides were synthesized on an A"ODlied 
Biosystems Model 394A DNA Synthesizer. These primers 
10 have degeneracies from 32 to 144. The primers used are 

shown below. The underlined ammo acids m the 
peptides represent the residues used in primer design. 

Pept ide 3 : FYDPMF K ( S5Q ID No . ; 

PSM Primer "A" TT(C or T) - TA ( C or T) - GA ( C or T) - 

CCX - ATG - TT (SEQ ID No. ) 

PSM Primer "B" AAC - ATX - GO (A or G) - TC{A or G) - 
20 TA(A or G) - AA (SEQ ID No. ) 

Primer A is sense primer and B is anti-sense. 
Degeneracy is 32-fold. 

25 Peptide 4 : lYNVIG TL (K) (SEQ ID No. 6)^ 

i J-\ { i C-r O; " i-iin. I i 0 1 

C) - GTX - AT (T or C or A) - GG ISEQ ID No. ; 
PSM Prim.er "D" CC ( A or T or G) - ATX - AC G or A; 

Primier C is sense prim.er and D is ant i -sense. 
Degeneracy is 144-foid. 



Peptide 2 



G/PVILYSDPADYFAPD/GVK 'SE^ ID No 
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:xc - go: 



GC i G cr A; 
■ SEQ ID Nc 



AA(A or 



TA A cr G, 



Primer E is sense primer and F is antisense primer 
■acv is 125-fold. 



r~r (zii ^ (Z^ ^^ 



Pep-ide 6: FLYXXTQIPHLAG TEQNFQ LAK {SEQ ID No. ) 

FSM Primier "I" ACX - OA (A cr G) - CA (A cr G) - AA\T 
C) - TT(T cr C) - CA(A or G) - CT (SEQ ID No. } 

PSM Primer J " AG - (T cr C ) TG - (A or G ) AA - (A 
G)TT - (T or C)TG - (T or C)TC - XGT (SEQ ID No. 

PSM Primer "K" GA(A or G) - CA{A or G) - AA{T or C) 
TT(T or C) CA(A or G) - GT (SEQ ID No . ) 



PSM Primer "L" AG - (T or G) TG - (A c 



( 7^ 



F'rim;ers I and K are sense primers and J and L are anti- 
sense. I and J have deaeneracies of 12S-fold and and 



have 32 -fold degeneracy. 



eptide 7 



TILFAS (W) DAEEFG XX (g) STE (e) A (E) 



GA'A cr G) - TT ( G or - GG (SEQ ID No 



(A or G) TG 



A;AA - (T cr 

:ga ^seq id No. 



PSM r'rime: 



or G ) 



:X - GA'A cr G 
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GAiA or G) - TT (SEQ I D No . 

PSK Primer "P" AA - {T or C; TC - iT or C) TC - XGC ^ 'A 
or G;TC - CCA (SEC ID No. ) 

Primers M and O are sense primers and N and P are anci - 
sense. K and N have degeneraoy of 64 -fold ano C and P 
are 32 -fold degenerate. 

i_0 Degenerate PCR was performed using a Perkm-Elmer Model 

480 DNA thermal cycler. cDNA tem.plate for the PCR was 
orepared from LNCaP mRNA which had been isolated by 
standard methods of oligo dT chromatography 
(Collaborative Research) . The cDNA synthesis was 

15 carried out as follows: 

4.5/il LNCaP poly A+ RNA {2^g) 

1.0/il Oligo dT primers (O.S^g) 

4 . 5ul dH-^Q 
20 10^1 

Incubate at 68°C x 10 minutes. 
Quick chill on ice x 5 minutes. 

2 5 Add : 

4/il b X RT Buf f er 

2ul 0 . IM DTT 

lul lOm^M dNTPs 

2Z' '7' -5^:1 RNasin fPromega) 

1-5^1 dll,0 
19/il 

Incubate for 2 miinutes at 37^C. 
35 Add 1^1 Superscript' Reverse Transcriptase Gibco ' - ERL ; 

Incubate for 1 hour at 37 °C. 
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Add 3 Qui dH^C . 

Use per PGR reaction. 

Degenerate PCR reactions were cptirr.ized hy var\^ina tne 
5 annealing t err.perat ures , y-^*^ concentrations, pri-er 

concent rat ions , nuf f er co-pcs 1 1 icn , extens ion t irr.es and 
number of cycles. The optirrLal thermal cycler profile 
was: Denaturaticn at 94"C: x 30 seconds, Annealing at 
^B-ES'^C for 1 minute (depending on the mean T^^ of tne 
IC t'rim.ers used), and Extension at 72°C for 2 m.mutes . 



5m1 10 X PCR Buffer* 

5^1 2 . 5mM dNTP Mix 

5pil P'rimer Mix (containing 0.5-1. C^ig each o^f 
15 sense and anti-sense primers) 

5/il lOOmM S-miercaptce thanol 

2/il LNCaP cDKA temiplate 

5/il 25mM MgCl^ (2.5mLM final) 

21^1 dH^O 

2 0 2m 1 diluted Tag Polvm^.erase 'O-BU/mI 



SO^il total volume 



Tubes were overlaid with 60ul of light m^meral oil and 
amplified for 30 cycles. PCR products were analyzed hy 
25 elect ropho-resing 5/il of each sam.ple on a 2-3% agarose 

gel followed by staining with Ethidium brom.ide ani 
photography . 



* 10x PCR Buffer 

:^^my KH.. so 

6 7 0m.M Tris , pH 6 . 6 
2mg/m.l BSA. 



Representative photograpns displa\'ing rCr. producto are 
shown m Figure 5 . 



Cloning of PCR Products: 
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these PCR products, tr.ese products were cloned into a 
suitable plasrv.id vector using "TA Cloning" 'Invitrogen" 
Ccrp.) . The cloning strategy eT.ployed here is to 
directl\^ ligate PCR products intc a plasir^id vectc^r 
5 possessing overhanging T residues at the insertion 

Site, exploiting the fact that Taq polvTTierase leaves 
overhanging A residues at the ends of the FCR ; roducts . 
The ligation mixes are transformed into corrn-^tent 5, 
cell cells and resulting colonies are grovvTi up, p'lasmdd 
10 DNA is isolated by the alkaline lysis method ■;24) , and 

screened by restriction analysis (Figures . 

DNA Sequencing of PCR Products: TA Clones of PCR 
products were then seq^jenced by the didecx^' method (25) 

15 using Sequenase (U.S. Biochemical) . 3-4/ig of each 

plasmid DNA was denatured with NaOK and ethanol 
precipitated. Labeling reactions were carried out as 
per the manufacturers recommendations using ^^S-ATP, and 
the reactions were term.matea as per the sam^e protocol. 

20 Sequencing products were then analyzed on 6% 

C'Olyacrylamide/7M Urea gels using an IBI sequencing 
apparatus. Gels were run at 120 watts foi 2 hc'urs . 
Fcllowing electrophoresis, the gels were fixec for 15- 
2 1. nr.inutes in 10% methanol/lC% acetic acid, transferred 

2 5 onto Whatman 3MM paper and dried down in - Bicrad- 

vacuums dryer at 80''C for 2 hours. Gels v,\_'re then 
autoradiographed at room temperature for IC ■ 24 hc^urs . 
I:: order to determine whether the PCR products were the 
cz-rrect clones, the sequences obtained at the 5' and ' 

^ eoas of tne m.oiecules wei'e analyzed for z' correct 
r^;m^>' .c^f=^qnF>n s , as well as adjacent seque:- -ts wr. ic:: 
corresponded to portions of the peptides n " * used in 
t.ne design of the primers. 

15 1N-2C was confirm.ed to re correct and r- ■ ■eser.t 

t^artial cLNA for tne PSK gene. In this PCr^ eac::ion, 
7 and K primer 5^ wei"^ usee. Tne DIsA seq'.. T"*^"'::n 
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I prime r was : 

ACG GAG CAA AAC TTT CAG CTT GCA AAG iSEQ ID ::c . 

T E O N F Q L A K (SEQ ID Kc . 

The underlined ammo acids were tine portion zt peptide 
6 that was used to design this sense primer and the 
remiaming amino acids which agree with those present 
w^ithm the peptide ccnfirr. that this end of tne 
10 molecule represents the correct protein {PSr< antigen^ . 

When analyzed the ether end of the molecule by reading 
from the N primer the ant i- sense sequence was: 

15 CTC TTC GGC ATC CCA GCT TGC AAA CAA AAT TGT TCT (SEQ' ID 

No . ) 

Sense (complementary) Sequence: 

2 0 AGA ACA ATT TTG TTT GCA AGC TGG GAT GCC AAG GAG SEQ ID 

No . ) 

R T I L F A S W D A E E (SEQ ID 
No - ) 

25 The underlined amino acids here represent the p'ortion 

of peptide 7 used to create primer N. All of the am.mo 
acids upstream of this primer are correct in the IN-20 
clone, agreeing with the am.ino acids found in peptide 
7. Further DNA seauencing has enabled us tc identify 

sequence of the positive clone. 

The DNA sequence of this partial cDNA was founc to oe 
\iri-icr.iet when screened on the GencanK computer datarase . 

cDNA Library Cons tmic tion and Cloning of Full - Length 
PSM cDNA: A cDNA library from^ L!CCa? mRi^A was 
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ccnstructed using tne Superscript' p:Lasrr.ici systerr, 
(BRL--Gibco) . The library was t rans f crr^.ed using 

coT.petent DHS-a cells and plated onto lOOrr.r^. plates 
c on taming LB plus IGO^g/rrd of Carbenici^im. Fxates 
5 were grown overnight at 37°C and cc^cn^es were 

transferred to nitrocellulose filters. Filters were 
processed and screened as per Grunstem and Hogness 
(26i, using the 1 . Ikb partial cDNA homologous probe 
which was radiolabe 1 led with ^^P-dCTP by random priming 

10 (27) . Eight positive colonies were obtained which upon 

DIJA restriction and sequencing analysis proved to 
represent full-length cDNA molecules coding for the PSM 
antigen. Shown in Figure 7 is an autoradiogrami showing 
the size of the cDNA. m.olecules represented in the 

lb library and in Figure 8 restriction analysis of several 

full-length clones is shown. Figure 9 is a plasmid 
Southern analysis of the samples in Figure 8, showing 
that they all hybridize to the 1 . Ikb partial cDNA 
probe . 



20 



Both the cDNA as well as the antigen have been screened 
through the Genbank Comiputer datai^ase i Human '-^enomie 
Project) and have been found to be unique. 

Northern Analysis of PSM Gene Expression: Northern 
analysis (26) of the PSM gene has revealed that 

j_F3;^^j_,_.ij. _i.o ^^i....... ----^ ^ ^^^^^^^^ ^^.^ ^ ^ ^ ^ ^ ^ ^ ^ 

care momia . 

PA'A samples (eithe: lO^g of total RI\'A oi z^g oi poi\' A- 
RNA) were denature and e lect rophoresed tnrougn 1 . 1% 
agarose/f ormaldehyce gels at 60 milliamips for 6-8 
hours. RNA was . .len transferred to N\^tran* nylon 
m.em.branes (Schleicher and Schuell''; by pressure 
blotting m lOx SSC with a Pos i - b IC't t e r 1 £ t r a t agene ' ; . 
RNA was cross- linked to the membranes using a 
St ral- a 1 mk'^'r f S t ra r riaene'' > and subsequently ba k^-^d : n ~j 



wo 96/26272 




PCTaS96/0242j 



vacuuT. over, az 6C^C fcr 2 hours. Blots were pre - 
hybridized az 6B^C fcr 2 hours ir. prehybr i di za t icr. 
solutior: . ; and subsequently' hybridiLzed for 16 

hours m hybridization buffer (ERL'-' containing 1-2 x 
5 11^ cprr./V.l of^^ ?- labelled r andorr; - pr imed cDTCA t robe . 

lA'^vrszranes v/ere washed twice m Ix SS?E/1% SDS and twice 
:in C - Ix SSFE/1% SDS at 42° 2. Membranes were then air- 
dried and autoradiographed fcr 12-36 hours at -7C°C. 

10 PGR Analysis of PSM Gene Expression in Human Prostate 
Tissues: FCR was perfcrrt^ed on 15 hun^.an prostate sa:r:ples 
to detern-.ine PSM gene express icr. . Five samples each 
fronr. normal prostate tissue, benign prostatic 
h\Tjerplasr a , and prostate cancer were used {histolog\' 

15 confirmed oy MSKCC Pathology Department) . 

lO/xg of total RNA from each sample was reverse 
Uranscrrbed to made cDNA template as previously 
described m section IV. The primers used corresponded 

2G CO the 5' and 3' ends cf the 1 , Ikb partial cDNA, IN-2C, 

and therefore the expected size cf the amplified band 
is l.lkb. Since the of the prim.ers rs 64 °C. PGR 

prim.ers were annealed at 6 0°C. PGR was carried out fcr 
35 cycles using the sam.e cO'nditic-ns p:reviC'Usly 

25 described m section IV. 

LNCaP and H26 - Ras transfected LNGaP (29) were 

included as a positive control and DU-145 as a negative 

control. 14. '15 samples clearly amplified the 1 . Ikb 

11 cand and tnerefore express the gene. 

Exoe r 1 m.en t a 1 Results 

The gene wnich encodes the ICCkl PSM antigen nas oeen 
identified. The complete cDKA sequence is sncwn m 
3 5 Seau^nc^ ID Hi. Underneath that nucleic acid sequence 

is the predicted translated am.mo acid sequence. The 
total numLter of the am;ino acids is 751, 12 -2. The 
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20 



2 5 



hydrophilicity of zhe prediLCted prctem sequence is 
shovcn in Figures 16:1-11. Shown in Figures ITA-l-^C are 
three peptides with the highest point of 
hydrophilicity . They are: Asp- Glu - Leu - Lys - Ala - Glu ,SEC 
ID No. ); Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID No. ; and 
Lys - Ser - Pro - Asp- Glu -Gly (SEQ ID No. ) . 

Bv the method of Klein, Kanehisa and DeLisi, a specific 
membrane- spanning domain is identified. The sequence 
is from the amino acid j?19 to amino acid t?44 : Ala-Gly- 
Ala-Leu-Val -Leu-Aal -Gly-Gly-Phe-Phe-Leu-Leu-Gly-Phe- 
Leu-Phe (SEQ ID No. ) . 

This predicted m.emibrane - spanning domiain was computed on 
PC Gene (computer software program.) . This data enables 
prediction of inner and outer memibrane dom.ains of the 
PSM antigen which aids m designing antibodies for uses 
in targeting and imaging prostate cancer. 

When the PSM antigen sequence with other known 
sequences of the GeneBank were compared, homology 
between the PSM antigen sequence and the transferrin 
receptor sequence were found. The data are shown in 
Figure 18 . 

Exoerim.ental Discussions 

Potential Uses for PSM Antigen: 

1. Tum.or detection: 
M 1 c 1 o s c op 1 c . 

Unambiguous tumor designation can be accomplished by 
use of probes for different antigens. For prostatic 
cancer, the PSM antigen probe m^ay prove beneficial. 
Thus PSM could be used for diagnostic purposes and this 
could be accomplished at the microscopic level using 
... nitu nyi^^ridi zar icn using sense --T^trc: and 
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anrisense probes derived fro^r. tne coding regio:. of noe 
c::NA cloned by tbe applicants. Tbis could be used lo 
assessrrient of local ext raprosc ac i c extension, 
involvement of l;^c:^Lph node, bone or other rr.etastatic 
sites. As bone metastasis presents a ma^cr problem m 
prcstatic cancer, early detection of miotastaoic soread 
is required especially for staging. In s cm^e tum.ors 
detection cf tumor cells m bone m^arrow portends a arimi 
pirc-gnc'Sis and suggests that interventions aim^ed at 
mietastasis be tried. Letection of PSM antiaen 

ex^.ression m bone m;arrC'W aspirates or sections miay 
p^rivide such early information. PGR am.pl i f i cat ion or 
m-situ hyhridization m^ay be used. Using RT-PCR cells 
in the circulating can be detected b\^ hem.a t ogenous 
mietastasis . 



2. Antigenic site identification 

The knowledge of the cDNA for the antigen also provides 
for the identification of areas that would serve as 
good antigens fc-r the developmient of antibodies for use 
against specific amiino acid sequences co the antigen. 
Such sequences miay be at different regions such as 
outside, membrane or inside of the PSM antigen. The 
develc'pm.ent of these specific antibodies would orovide 
for immunohistochemical identification cf the antigen. 
These derived antibodies could then be developed for 
use, especially ones that work m paraffin fixed 
sections as well as frozen section as they have the 
greatest utility for immunodiagnosis . 

3. Restriction fra^gmient lengtn podymLorphismi and 
genom, ic D-^'A 

Restriction fragmnent lengtn p o^ 1 \m^o roh i sm.s (RFLPS. have 
proven to oe useful : documenting tne progression of 
genetic damiage that occurs during tum.or initiatic^n and 
pro-miotion. It m.ay oe that RFLP analysis will 

dem.onstrate that changes m PS.M sequence restriction 
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mapping may provide evidence of predisposition to riSK 
or malignant potential or progression of the prostatio 
tumor . 



Depending on the chromosomal location of the PSK 
antigen, the PSM antigen gene miay serve as a useful 
chrcm.osome location m.arker for chromosomie analysis. 



4 . Serum, 

10 With the development of antigen specific antibodies, if 
the antigen or selected antigen fragments appear in the 
serum they may provide for a serum marker for the 
presence of metastatic disease and be useful 
individually or in combination with other prostate 

15 specific markers. 

5 . Imaging 

As the cDNA sequence implies that the antigen has the 
characteristics of a membrane spanning protein with the 
20 majority of the protein on the exofacial surface, 

antibodies, especially monoclonal antibodies to the 
peptide fragments exposed and specific to the tumor may 
provide for tumor im.aging local extension of metastatic 
tumor or residual tumor following prostatectomy or 

25 irradiation. The knowledge of the coding region 

permits the generation of m.onoclonal antibodies and 
these can be used in combination to provide for miaximial 
imaging purposes. Because the antigen shares a 

similarity w^ith the transferrin receptor based on cDKA 

30 analysis (approximately 54%; , it may be that there is 

a specific norm.al ligand for this antigen and that 
identification of the ligand (s) would provide another 
means of imaging. 



6. Isolation of ligands 
The PSM antigen can be used tC' isolate the normial 
ligand (s; that bind to it. Thes- :;aandN'^; n^r.- : . j i ::■ j 
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cn specificity rr.ay be used for targeting, cr tneir 
seruT, levels -^.ay be predictive cf disease status. If 
It is found that the normal ligand for PSK is a carrier 
rr.olecule then it may be that PSK could be used tc bind 
5 tc that ligand for therapy purposes (like an iron 

chelating substance, tc help remove the ligand from tne 
circulation. If the ligand promotes tumor growth cr 
m.etastasis then providing soluble PSK antigen v;ould 
remove the ligand from, binding the prostate. Knowledge 
IC of PSM antigen structure could lend to generatio^n of 

small fragment that binds ligand which could serve tne 
samie purpose . 



7. Therapeutic uses 
15 a) Ligands. The knowledge that the cDNA structure cf 

PSM antigen shares structural homology with the 
transferrin receptor (E4% on the nucleic acid level) 
implies that there may be an endogenous ligand for the 
receptor that may or miay not be transferrin- like . 

2 0 Transferrin is thought to be a ligand that transports 

iron into the cell after binding to the transferrin 
receptor . However , apot ransf err in is being reported to. 
be a growth factor for some cells which express the 
transferrin receptor (30) . Whether transferrin is a 
25 ligand for this antigen or some other ligand binds to 

this ligand remains to be determined. If a ligand is 
identified it may carry a specific substance such as a 
m.etal ion 'iron cr zinc or C'ther) into the tumor and 
thus serve as a means to deliver toxic substances 

3 0 (raaioacti\'e or cytotcxic cnemical 1.^-. to>:i:'- ^i-^:c 

ricm or cytotoxic alkylating agent cr cytctcxic 
piL^drug' tc the tumor. 

The mam metastatic site for prostatic tumor is the 
3 5 Done. The bone and bone stroma are rich ir. 

transferrin. Recent studies suggest that tnis 

m.icroenvircnm.ent is what provides the rignt "soil" for 
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prostatic metastasis m the bone (31) . Ic rr>ay be tnat 
this also promotes attachment as well, these factors 
which reduce this ability may dim.inish prostatic 
metastasis to the bone and prostatic metastatic growth 
5 in the bone . 

It was found that the ligand for the new antigen 
(thought to be an oncogene and marker of m.alignant 
phenotype in breast carcinoma) served to induce 
10 differentiation of breast cancer cells and thus could 

serve as a treatment for rather than promoter of the 
disease. It may be that ligand binding to the right 
region of PSM whether with natural ligand or with an 
antibody m.ay serve a similar function. 

15 

Antibodies against PSM antigen coupled with a cytotoxic 
agent will be useful to eliminate prostate cancer 
cells. Transferrin receptor antibodies with toxin 
conjugates are cytotoxic to a number of tumor cells as 
20 tumor cells tend to express increased levels of 

transferrin receptor (32) . Transferrin receptors take 
up molecules into the cell by endocytosis. Antibody 
drug comibinat ions can be toxic. Transferrin linked 
toxin can be toxic, 

25 

b) Antibodies against PSM antigen coupled with a 
cytotoxic agent will be useful to elim.mate prostate 
cancer cells. The cytotoxic agent may be a 

radioisotope or toxin as kno^A-n m ordinary skill of the 

30 art. The linkage of the antibody and the toxin or 

radioisornpe can be caeiiiicdl . Examples of airect 
linked toxins are doxorubicin, chlorambucil, ricin, 
pseudomonas exotoxin etc., or a hybrid toxin can be 
generated M with specificity for PSM and tne otner 

35 with specificity for the toxin. Such a bivalent 

molecule can serve to bind to the tumor and the other 
to oeliver a c\'totoxic to the tur^ci ci t b^n J ^: and 
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activate a cytotcxi:: l^^cphocyze such as cmding to the 
- receptor complex. Antibodies of required 

s p e c 1 f 1 c 1 1 \" car. a 1 s c; be cloned into T cells and 
replacing tne irrirr^unoglC'bul m dcr^.am of the T cell 

5 receptor (TcR) ; cloning m the desired MAb^ heavy anc 

light chains; splicing the and 'J, gene segments v;itn 
the constant regions of the a and i"^ TCR chains anc 
transfecting these chimeric /-d:VTcR genes m the 
patients' T cells, prc'pagatmg these hyorid cells and 

C infusing them into the patient (33} . Specifi:: 

rinowledge of tissue scecific antigens for targets anc 
generation of MAb''s specific for such targets will help 
m^ake this a usable app-roach. Because the PSM antigen 
coding regio-n provides knowledge of the entire coding 

S region, it is possible tC' generate a numLber of 

antibodies which could then 'idb used in comLbination tO' 
achieve an additive or synergistic anti-tumor action. 
The antibodies can be linked to enzymes which can 
activate non-toxic prodrugs at its site of the tumor 

C such as Ab-carbcxypept idase and 4- (bis (2 

chloroethy 1 ) amino) benzoyl -o-glutamic acid and its 
active parent drug in m^ioe (34) . 



It is possible to produce a toxic genetic chimera such 
as TP-40 a genetic recombinant that possesses the cDNA 
fromi TGF-alpha and the toxic portio^n of pseudomionas 
exotcxin so the TGF and portion of the hybrid binds the 
epidermal growth factor receptor (EGFR) and the 
pseudomonas portion gets taken up mto^ tne cell 
enzv^T-.at ical ly and inact.i'/ates the ri bo somes abilit\' tc 
perfc;rm prctem synthesis resulting m cell death. 

In addition, once the ligand for the ?£:< antigen is 
identified, toxin can oe chemicall\' con^ugatec to tne 
ligands. Such conjugated ligands can oe 

therapeutically useful. Examples of tne toxins are 
dauncm.\,'c m , chlorambucil, ricm, pseudom.cnas exotoxin, 
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etc. Alternatively, chimeric construct can be created 
Imkmcr the cDNA of the ligand with the cDNA of the 
toxin. An example of such toxin is TGFa and 

t^seudomonas exotoxin (35) . 



e . Others 

The PSM antigen may nave ether uses. It is wex^ known 
that the prostate is rich m zinc, if the antigen 
provides function relative to this or other biologic 
10 function the PSM antigen m.ay provide for utility in the 

treatment of other prostatic pathologies such as benign 
hyperplastic growth and/or prostatitis. 

Because purified PSM antigen can be generated, the 
15 purified PSM antigen can be linked to beads and use it 

like a standard "affinity" purification. Serum, urine 
or other biological samples can be used to incubate 
with the PSM antigen bound onto beads. The beads may 
be washed thoroughly and then eluted with salt or pH 
20 gradient. The eluted material is SDS gel purified and 
used as a sample for microsequencing . The sequences 
will be compared with other known proteins and if 
unique, the technique of degenerated PCR can be 
employed for obtaining the ligand. Once known, the 
25 affinity of the ligand will be determined by standard 

nrotocols ( 15 ) . 
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EXAMPLE 2 : 

EXPRESSION OF THE PROSTATE SPECIFIC MEMBRANE ANTIGEN 

5 A 2.6B kb complemenr ary DNA encoding PSK was cloned. 

Ir:^:T^.unohist.ccnerrLical analysis of the LNCaP, Di:-14 5, and 
?C-3 i:rcs'^it:e cancer cell lines for PSK expression 
using the :^Zll-C5-3 antibody reveals intense staining 
m the LNCaP cells, with no detectable expression in 

10 both the DU-145 and PC-3 cells. Coupled in- vitro 

transcription/ translation of the 2.65 kb full-length 
PSM cDNA yields an 84 kDa protein corresponding to the 
predicted polypeptide molecular weight of PSM. Post- 
translat ional modification of this protein with 

15 pancreatic canine microsomes yields the expected 100 

kDa PSM antigen. Following transfection of PC-3 cells 
with the full-length PSM cDNA in a eukaryotic 
expression vector applicant's detect expression of the 
PSM glyccr.rotein by Western analysis using the 7E11- 

20 C5 , 3 monoclonal antibody. Ribonuclease protection 

analysis demonstrates that the expression of PSM mRNA 
is almost entirely prostate - specif ic in human tissues. 
PSM expression appears to be highest in hormone- 
deprived states and is hormonally modulated by 

2 5 steroids, with DHT downreg^ulat ing PSM expression in the 

human prostate cancer cell line i^NCaP by 8-10 fold, 
t es tostero:.- downregulat ing PSM by 3-4 fold, and 
corticosteroids showing no significant effect. Normial 
and malignant prostatic tissues consistently show high 
3u PSM expr^^^'^ ion , whereas heterogeneous, and at times 

;^n^*^nt , - ■ expression of PSM m benign prostatic 

hyoerplas: LNCaP tumors implanted and grown both 

crtnotcoi ano subcutaneous ly m nude mice, 

at'undantl-. :-:press PS:-: prC'Vidmg an excellent in-\'i\'C 

3 5 mC'del s'/s: o st\:d\' the regulation and modulation of 

P S e >: p r e r . c n . 
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Materials and Methods: 

Cells and Reagents: The LNCaP, DU-14 5, and PC- 3 cel^ 
lines were obtained frorr. the Arr^ierican Txx-e Culture 
5 Collection. Details regarding the establishment and 

characteristics of these cell lines nave been 
previously published {5A,7A,8A)- Unless specified 

otherwise, LNCaF cells were grown m RPMl 1640 media 
supplemented with L - glut am.ine , nonessential amiino 

10 acids, and 5% fetal calf serum. (GiDco-BRL, 

Gaithersburg , MD . - m a CC^ incubator at 37C. CU-145 
and PC-3 cells were grown in mmimial essential miedium 
supplemented with 10% fetal calf serumi. All cell media 
were obtained from the MSKCC Media Preparation 

15 Facility. Restriction and modifying enzymes were 

purchased from Gibco-BRL unless otherwise specified. 



Inununohistochemical Detection of PSM: Avidin -biot in 
m.ethod of detection was em.ployed to analyze crest ate 
cancer cell lines for PSM antigen expression (9A;. 
Cell cytospins were m^ade on glass slides using 5x10"^ 
cells/lOOul per slide. Slides were washed twice with 
PBS and then incubated with the appropriate suppressor 
serum for 20 minutes. The suppressor serum was drained 
off and the cells were incubated with diluted 7E11-C5.3 
(5g/ml) monoclonal antibody for 1 hour. Samples were 
then washed with PBS and sequentially intubated with 
secondary antibodies for 30 minutes and with avidm- 
ciO'tm complexes for 30 ::;i:iUtes . D i am^i nobenz i d i ne 
served as the chrom.ogen and color developm.ent followed 
by hemiatoxylm ccunterst aming and mounting. Duclicate 
cell cytospins were used as controls for eacr.. 
experiment. As a posit iv>^ control, the ant i - 

cytokeratm monoclonal antibod\' CAM 5.2 was used 
following the same procedure described above. Human EC 
bladder carcinoma cells served as a negative ccntrcl . 
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In-Vitro Transcription/Translation of PSM Antigen: 

Flasmid 5 5A containing the full length 1.65 kb ?SM cDNA 
m the plasmid pSPORT 1 (Gibco-BRL) was transcribed m- 
vrtro using the Promega TNT systerr. 'Promega Corp. 
5 Madison, WI) . T7 PJ\A polymerase was added to the cDKA 

in a reaction mixture containing rabbit reticulocyte 
lysate, an amino acid mixture lacking methionine, 
buffer, and ^^S - Me t hionine (Amersham.) and incubated at 
30C fc'r 90 minutes. Post - translat ional modification of 

10 the resulting protein was accomplished by the addition 

of pancreatic canine m.icrosomes into the reaction 
m^ixture (Promega Corp. Madison, WI . ) . Protein products 
were analyzed by electrophoresis on 10% SDS-PAGE gels 
which were subsequently treated with Amplify 

15 autoradiography enhancer (Amersham, Arlington Heights, 

XL.) according to the manufacturers instructions and 
dried at 80C in a vacuum dryer. Gels were 

autoradiographed overnight at -70C using H^perfilm MP 
(Amersham) . 

20 

Transf action of PSM into PC-3 Cells: The full length 
PSM cDNA was subcloned into the pREP7 eukaryotic 
expression vector (Invitrogen, San Diego, CA . ) . 
Plasmid DNA was purified from transformed DH5-alpha 

25 bacteria (Gibco-BRL) using Qiagen maxi-prep plasmid 

isolation colum^ns (Qiagen Inc., Chatsworth, CA . ) . 
pviT;i_fied plasmtid DNA (6-lOg.) was aiiuteo. witn 90uui oi 
Optimem media (Gibco-3RL) and mixed with 30ul of 
Lipofectm reagent (Gibcc-BRL; which had r;een 

3 0 previously diluted with 9001 of Optimem media. This 

PC-3 cells in Optimem media. After 24-36 hours, cells 
were trypsinized and split into lOOm.m dishes 

c containing RPMI 164 0 media supplemented with 10% fetal 
3 5 calf serum, and 1 mg/mT of Hygromycin B (Calbiochem, La 

Jolla, CA . ; . The dose of Hygromycin B used was 



wo 96/26272 PCT/US96/02424 

-12 - 

cytotoxicity assay. Cells were rr.am tamed m • 
rr.edia fcr 2-3 wee k s with changes c f r^.e d i a and 
Hygroir^ycm B every 4-E days until discrete colonies 
appeared. Colonies were isolated using Grarr. cloning 
5 cylinders and expanded in the sarr^.e rr.edia . As a 

control, PC-3 cells were also transfected with the 
pREP7 plasmid alone. Rl^A was isolated frorr; the 
transfected cells and PSM mRNA expressicn was detected 
by both RNase Protection analysis (described later; and 
10 by Northern analysis. 

Western Blot Detection of PSM Expression: Crude protein 
lysates were isolated from LNCaP, PC-3, and PSM- 
transfected PC-3 cells as previously described (lOA) . 
15 LNCaP cell membranes were also isolated according to 

published methods (ICA) . Protein concentrations were 
quantitated by the Bradford method using the EioRad 
protein reagent kit (BioRad, Richmond, CA.) . Following 
denaturat ion, 20ag of protein was electrophoresed on a 

2 0 10% SDS-PAGE gel at 2 5 rrJ\ for 4 hours. Gels were 

e 1 ec t roblot t ed onto ImmiObilon P m^embranes ( r^i 1 1 ipc re , 
Bedford, MA.) overnight at 4C. Memb)ranes were blocked 
in 0.15M NaCl/O.OlM Tris-HCl (TS) plus 5% BSA fcllowed 
by a 1 hour incubation with 7E11-C5.3 monc-clonal 
25 antibody (lOug/ml) . Blots were washed ^ 4 times with 

0.15M NaCl/O.OlM Tris - HCl / 0 . 0 5% Triton-X 100 (TS-X) and 
incubated for 1 hour with rabbit anti-m.ouse IgG 
(Accurate Scientific, Westbury, N.Y.) at a 
concentration of lO/ig/mil . 

3 C 

Blots were then washed 4 tim.es with TS-X and labeled 
witn '^^I-Protem A (Amersham, Arlington Heights, IL.. 
at a concentration of 1 m. illion comL/m. 1. Blots v.^ere 
then w^a s he d 4 1 1 m.e s with TS-X and dried on Wh a t m^a n 3 
3 5 paper, followed by overnight autoradiography at -7 0C 

usmci H\T3erf ilmi MP (Am,ersham, ; . 
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Orthotopic and Subcutaneous LNCaP Tumor Growth in Nude 
Mice: LNCaF cells were harvested frorr^ sub - c onf 1 uenr 
cultures by a one minute exposure to a solution or 
C,25% trypsin and 0.02% EDTA . Cells were resuspended 
B m RPMI 1640 media w^ith 5% fetal bovine serum., washed 

and diluted m either Matrigel (Collaborative 
Biomedical Products, Bedford, MA.; or calcium, and 
magnesium- free Hank's balanced salt solution (HBSS) . 
Only single cell suspensions with greater than 90% 

10 viability by trypan blue exclusion were used for in 

vivo injection. Male athymic Swiss (nu/nu) nude mice 
4-6 weeks of age were obtained fromt the Memtcrial Sloan- 
Kettering Cancer Center Animal Facility. For 
subcutaneous tumor cell injection one miillion LNCa? 

15 cells resuspended in 0.2 mis. of Matrigel were injected 

into the hindlimib of each mouse using a disposable 
syringe fitted with a 28 gauge needle. For orthotopic 
injection, mice were first anesthetized with an 
intraperitoneal injection of Pentobarbital and placed 

2 0 in the supine position. The abdomen was cleansed with 

Betadine and the prostate was exposed through a mddline 
incision. 2.5 million LNCaP tumor cells m 0.1 ml. 
w^ere injected directly into either posterior lobe using 
a 1 ml disposable syringe and a 28 gauge needle. LNCaP 

25 cells with and without Matrigel were injected. 

Abdomiinal closure w^as achieved m c-ne la^^er using 
Autoclip wound clips i.Clay Adamts , Parsippany, N.J.; . 
Tumors were harvested m 6-8 weeks, confirmed 
h 1 s t o 1 og 1 c a 1 1 y by faculty o f the M e m^o r i a I Sloan- 

30 Kettering Cancer Center Pathology Department, and 

frozen in Ixouid nitrogen lor sui^scgucnt PJ\7^ icciaticn. 

RNA Isolation: Total cellular P.NA was isolated from, 
cells and tissues by standard techniques '11,12, as 
35 well as by using RNAzol 3 ( Cmna /B i o t ecx , Houstcn, 

TX . ) . RNA concentrations and quality were assesseri hy 
IJ \' :z p e c t i" o s o O' p y o 1 1 a B e c k man P > - 4 " " p e c t o p n r o m r 
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and ry gel analysis. Hur.an tissue total RKA sarr^^sles 
were purchased fro- Clcntech Laocratcries, In-., ?ali 
Alto, C A , 

Ribonuclease Protection Assays: A portion of the ?SM 
cLT.A was subclc:ned into the plasrr.id vector t^SPORT 1 
(Gibco-BRL; and the orientation of the cDNA insert 
relative to the flanking T7 and SPG PIKA pcl\-r:erase 
promoters was verified hy restriction analysis. 
Linearization of this p^lasmid upstream of the PSM 
insert followed oy transcription with SPb RNA 
pol^^erase yields a 4C0 nucleotide antisense PJ^A probe, 
cf which 350 nucleotides should be protected from Please 
digestion by PSM RICA. This probe was used m Fiaure 
20. Plasmid lN-20, containing a 1 kb partial PSM cDNA 
in tne plasmid pCR 11 (Invitrogen) was also used for 
ribcprobe synthesis. IN-20 linearized with Xmn I 
(Gibco-BRL) yields a 298 nucleotide anti-sense RICA 
probe when transcribed using SPc RNA polymerase, of 
20 which 260 nucleotides should be protected from RNase 

digestion by PSM mJlNA. This probe was used m Figures 
21 and 22. Probes were synthesized using SPG RNA 
pol:^m:-.erase (Gibco-BRL) , rNTPs (Gibco-BRL) , RNAsm 
(Pro.mega), and^^P-rCTP (I^EN, Wilmington, DE . ) according 
25 to published protocols (13). Probes were . pun fied over 

NENSORB 20 purification columins (NEN) and approximately 
1 million cpm of purified, radiolabeled PSM probe was 
miixed with lO^i of each FJCA and hybridized overni::rht at 
4 5C using buffers and reagents from, the RPA 11 kit 
'^^^^o^on, Austin, TX j . Sam,p_es were processed as per 
m.anuf acturer ' s instructions and analyzed on 5% 
poi'^/aorilam,ide/7M urea denaturing gels using Sec ACRYL 
reagents (ISS, Natick, KA . : . Gels were ore-hea^.^d t r ■ - 
=^SC and run for approximately 1-2 ncurs at 1= watts. 
3 5 Gels were then fixed for 30 minutes m 10% metnanol/10% 

acetic acid, dried onto Whatm.an 3MM paper at SOG m a 
BioRad vacuum dryer and aut oradi ograohe u c^verniaht with 
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H^^erfilm M? (Amersham) . Quanncarion cf PSM 

expression was deterrr.med b\' using a scanning laser 
densitometer (LKB, Piscataway, N J . ) . 



5 Steroid Modulation Experiment: LNCa? cells (2 million, 

were plated onto T-75 flasks in RPMI 1640 media 
supplemented with 5% fetal calf serum and grown 2 4 
hours until apprcxim^at ely 30-40% confluent. Flasks 
were then washed several times with phophate - buf f ered 

10 saline and RPMI medium supplemented with 5% charcoal- 

extracted serum was added. Cells were then grown for 
another 24 hours. at which time dihydrot esterone , 
testosterone, estradiol, progesterone, and 

dexamethasone (Steraloids Inc., Wilton, rNri . ) were added 

15 at a final concentration of 2 nK . Cells were grown for 

another 24 hours and RNA was then harvested as 
previously described and PSM expression analyzed by 
ribonuclease protection analysis. 



20 

Experimental Results 



Immuxiohis tochemical Detection of PSM: Using the 7E11- 
C5 . 3 anti-PSM monoclonal antibody, PSM expression is 
25 clearly detectable in the LNCaP prostata cancer cell 

line, but not in the PC-3 and DU-145 cell lines 
V Figures i7A-17C) . All normial and maligiiant prostatic 
tissues analyzed stained positively for PSM expression. 

3 0 In-Vitro Transcription/Translation of PSM Antigen: As 

shown in Figure IS, coupled in-'^/itro transcriptiC'n/ 
translation of the 2.65 kb full-length PSM cDNA yields 
an 84 kDa protein species m agreement with the - 
expected protein product from, the 750 ammo acid PSM 
35 open reading frame. Following post - trans la t lona 1 

modification using pancreatic canine microsomes wer-- 
obtained lOvO kDa glycosylated protein specier 



wo 96/26272 




PCT/TS96/02424 



consistent with the rr.ature, native PSM antige::. 

Detection of PSM Antigen in LNCaP Cell Membranes and 
Transfected PC-3 Cells: ?C-3 cells transfected with tne 
full length PSM cDNA m the pRE?7 expression vector 
were assayed for expression of SM mRICA hy Nortnern 
analysis. A clone with hign PSM mRT^A expression was 
selected for PSM antigen analysis by Western blottma 
using the 7E11-C5.3 antibody. In Figure 19, the ICC 
kDa PSM antigen is well expressed m LNCaP cell lysate 
ana rrterrlr-rane fractions, as well as m PSM - 1 rans f ected 
PC-3 cells but not in native PC-3 cells. This 
detectable expression m the transfected PC-3 cells 
proves that the previously cloned 2.6 5 kb PSM cDNA 
encodes the antigen recognized by the 7E11-CE.3 anti- 
prostate monoclonal antibody. 

PSM mRNA Expression: Expression of PSM mRNA in normal 
human tissues was analyzed using ribcnuclease 
prctecticn assays. Tissue expression of PSM apcears 
predominantly within the prostate, with very low levels 
of expression detectable m hum^an brain ana salivary 
gland (Figure 20) . No detectable PSM nRlsjA expression 
was evident m non - p^ros t at i c num.an tissues when 
analyzed by Northern analysis. On occasiqn it is noted 
that detectable PSM expression in norm.al hum.an sm^all 
intestine tissue, however this m.FJsIA expression is 
variable depending upon the specific riboprc^be used. 
All sam^ples of normtal hiumian prostate and human 
prostatic adenocar cmorrLi as say e a nave reveal eo c^earl\^ 
detectable PSM expression, wnereas generally decreased 
cr absent expression oi PSM m tissues exhihitmo 
benign h^-perplasia (Figure 21;. In numan LNCaP tumors 
grown both orthotop ical ly and suncu t ane ous 1 %' m nude 
mice abundant PSM expression w^ith C'r w^itnout the use of 
miatrigel , w\hich is required for the arowth of 
subcutaneousl\' im.planted Lr;Ca? cells was detected 
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(Figure 21; . PSM mRNA expression is distinct:l\' 

modulated by the presence of steroids in physiologic 
doses (Figure 22) . DHT downregulat ed expression by 6- 
10 fold after 24 hours and testosterone diminished PSM 
5 expression by 3-4 fold. Estradiol and progesterone 

also downregulat ed PSM expressic-n m LNCa? cells, 
perhaps as a result of binding to the m.utated androgen 
receptor known to exist m the LNCaF cell. Overall, 
PSM expression is highest m the untreated LNCaP cells 

10 grown in steroid- depleted media, a situation that 

simulates the hormone-deprived (castrate) state in- 
v'i'v'o. This exp-eriment was repeated at stero^id dosages 
ranging from 2-200 nM and at time points fromi 6 hours 
to 7 days w^ith simdlar results; maximal dow^nregu lat ion 

15 of PSM mRNA was seen with DHT at 24 hours at doses cf 

2-20 nM. 

Experimental Discussion 

20 Previous research has provided two valuable prostatic 

bio-markers, PAP and PSA, both C'f which have had a 
significant im.pact on the diagnosis, treatm>ent, and 
management of prostate malignancies. The present work 
describing the preliminary characterization c-f the 

25 prostate-specific membrane antigen (PSM) reveals it to 

be a gene with many interesting features. PSM is 
almiost entirely prostate - specif ic as are PAP and PSA, 
and as such may enable further delineation of the 
unique functions and behavior of the prostate. The 

30 oredicted sequence of the PSM protein (3^ and its 

presence m the LNCaP cell membra nf^ as denermiined by 
Western blotting and immunohistochemist ry , indicate 
that It is an integral membrane protein. Thus, PSM 
provides an attractive cell surface epitope for 

35 ant ibody- directed diagnostic imiagmg and cytotoxic 

targeting modalities (14^ . The ability to- synthesize 
ih-- PSM antigen in-i'itro ano zo produce tumci 
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xenografts mamtaining high levels of PSK expression 
provides us wich a convenient and attractive rr,odel 
system to further study and cnaracterize the regulation 
and modulation of PSM expression. Also, the high level 
5 of PSK expression m the LNCa? cells provides an 

excellent vitro model system. Since PSK expression 

is hormonally-responsive to steroids and m.ay be hiahlv 
expressed in hormone - re fractc-ry disease (15). The 
detection of PSM mRNA expression in m^inute quantities 

IC in brain, salivary gland, and small intestine warrants 

rurtner investigation, although these tissues were 
negative for expression of PSM antigen bv 
immunohistochemistry using the 7E11-C5.3 antibody (16) 
In all of these tissues, particularly^ sm^all intestine, 

15 miRNA expression using a probe corresponding to a region 

of the PSM cDNA near the 3' end, whei^eas expression 
when using a 5' end PSM probe was not detected. These 
results may indicate that the PSM mRNA transcript 
undergoes alternative splicing in different tissues. 

'-^ r . 

Applicants approach is based on prostate tissue 
specific promotor : enzyme or cytokine chimeras. 
Promoter specific activation of prodrugs such as non 
toxic gancyclovir which is converted to a toxic 

25 metabolite by herpes sim.plex th\Tnidine kinase or the 

prodrug 4 - (bis ( 2chloroe thyl ) amino ) benzoyl - 1 -glutamic 
acid to the benzoic acid mustard alkylating agent by 
the pseudomonas carboxy peptidase G2 was examLined . As 
these drugs are activated by the enzyme i chimera )i 

- specifically m the tumor tne a::tive drug is releasee 

only Ic'cally m the tum.cr environment, destroying tne 
surrC'Undincr tum.O'r cells 'D>-Qnn,^t2-^>-" stc'^'^i"^"''^ a''^*"^'''a'~i-^'^ 
of cytokines such as lL-12, IL-2 or GM-CS?"^ fcr- 
^ c 1 1 \'' a 1 1 o n and specific a n t i t u m. o r a c c i n a t c; r ^ s 

35 exam.med. Lastly the tissue specific promoter 

activation of cellular death genes m^ay also prove to^^ re 
useful in this area. 



wo 96/26272 




PCTaS96/02424 



- 60 - 



Gene Therapy Chimeras: The estah 1 1 shn~;er.c of "chimeric 
DNA" for gene therapy requires the joining of different 
segments of DNA together to make a new DNA that nas 
characteristics of both precursor DNA species involved 
5 m the linkage. In this proposal the two pieces being 

linked involve different functional aspects of DNA, the 
promotor region which allows for the reading of the DNA. 
for the f C' rTpLa t i c n c f mJRJ^A^ will p r o i d e s "o e c f c ^ a 
the DNA sequence coding for the miRNA will provide for 
10 therapeutic functional DNA. 



DNA-Specif led Enzyme or Cytokine mRNA: V;hen effective, 
antitumor drugs can cause the regression of very large 
amounts of tumor. The main requirements for antitumor 

15 drug activity is the requirement to achieve both a long 

enough time (t) and high enough concentration (c) icxt) 
of exposure of the tumor to the toxic drug to assure 
sufficient cell damage for cell death to occur. The 
drug also must be "active" and the toxicity for the 

20 tumor greater than for the hosts normal cells (22) . 

The availability of the drug to the tumor depends cn 
tumor blood flow and the drugs diffusion ability. 
Blood flow to the tumor does not provide for 
selectivity as blood flow^ to many normal tissues is 

2 5 often as great or greater than that to the tumor. The 

miajority of chemotherapeut ic cytotoxic drugs are often 
as toxic to noiinal tissue as to tumior tissue. Dividing 
cells are often more sensitive than non- dividing normtal 
cells, but m miany slow growing solid tumors sucn as 

3 0 prostatic cancer this does not provide for antitum^r^?" 

Previously a means to increase tum.or stecificity c^f 
antitumor drugs was to utilize tumor associated enz\Tnes 
3 5 to activate nontoxic prodrugs tc^ cytotoxic agents [19) . 

A problem with this approach was that most of tne 
enz\'mes found in t ".irr: ca' 5^ w-^r-^ n ' " r r r a . ] \' m^^-^^f ::. 
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tneir activity and simiLlar suC'Strate active enzyiries cr 
the s a !T;e e r. z \^.e at only s 1 1 g h 1 1 y lower a rT;Ou n t s w a s 
fcund m Other tissue and thus normal tissues were 
still at risk for damage . 



Tc provide absolute specificity and unique activit>^ 
viral, bacterial and fungal enz^^es which have unique 
sp-ecificity for selected prodrugs were found which were 
net present in human or other animal cells. Attem.ots 

10 tc utilize enzymes such as herpes simplex thym.idine 

kinase, bacterial cytcsme deam.mase and 

carboxypept idase G-2 were linked to antibody targeting 
systemis with modest success (19) . Unfortunately, 
antibody targeted enzym.es lim.it the numiber of enzymies 

15 available per cell. Also, most antibodies do not have 

a high tumor target to normial tissue ratio thus no^rmal 
tissues are still exposed reducing the specificity of 
these unique enzymes. Antibodies are large molecules 
that have poor diffusion properties and the addition of 

2 0 the enzymtes molecular weight further reduces the 

ant ibodi es di f f us ion . 

Gene therapy could produce tne best desired result if 
it could achieve the specific expression of a protein 
2 5 in the tumor and not normal tissue m order that a high 

local concentration of the enzyme be available for the 
production in the tumor environment of active drug 
( 21 ) . 



Cytokines : 

Results demonstrated that tumors such as the bladder 
a ^ d o ^ ^ *^ a ^ e were n* o t i m.m; u n o ci e n i c , that is the 
a dm.ini s t rat ion of irradiated tum.or cells to the animal 
o r i c r t s u b s e o u e n t administration of n c- n - i r r a d i a t e d 
tumor cells did not result m a reduction of either the 
n u m b e o^ t u m^ O' r cells to o r o d u c e a tumor nor did i *" 
reduce the arowth rate of the tumor. But if the tumor 
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was transf ecLed with a retrovirus and secreted large 
concentrations of cytokines such as 11-2 then this 
could act as an antitumor vaccine and could also reduce 
the growth potential of an already established and 
5 growing tumor. IL-2 was the best, GM-CSF also had 

activity whereas a nuinber of other cytokines were much 
less active. In clinical studies jUSt using IL-2 fc-r 
rmmunost mrulat ion, vex^y large concentrations had to be 
given which proved to be toxic. The key to the success 

10 of the cytokine gene modified tumor cell is that the 

cytokine is produced at the tumor site locally and is 
not toxic and that it stimulates immune recognition of 
the tumor and allows specific and non toxic recognition 
and destruction of the tum.cr. The exact mechanisms of 

15 how^ IL-2 production by the tumor cell activates immune 

recognition is not fully understood, but one 
explanation is that it bypasses the need for cytokine 
production by helper T cells and directly stimulates 
tumor antigen activated cytotoxic CD8 cells. 

20 Activation of antigen presenting cells may also occur. 



Tissue Promoter-Specific Chimera DNA Activation 



Non- Prostatic Tumor Systems : 

25 It has been observed in non-prostat ic tumors that the 

use of promotor specific activation can selectively 
lead to tissue specific gene expression of tlie 
transfected gene. In melanomia the use C'f the 

tyrosinase nromotor which codes for the enzym^e 

3C rest-onsible fc^r m:elanin expression produced over a 50 

roia greater exprest^xon of the promoter driven report^^" 
gene expression in melanomia cells and not non melanoma 
cells. Similar specific activation was seen m the 
melanom.a cells transfected when they were growing m 

3 5 miice. In that experiment no non - m.e 1 anom.a or melanocyte 

cell expressed the tyrosinase drive reporter gene 
pit.rducr. Tn^^ research ■■_>'.; r- ar v;e 1 come Labcracor : e?^ 
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have cloned and sequenced the prc-cter reaicn cf tne 
gene coding for carcmoerriryonic antigen 'CEA; . CEA is 
expressed on colon and colon carcinoma cells bet 
specifically on metastatic. A gene chimera was 
5 generated which c\'tosine deaminase. Cytcsme deaminase 

which converts 5 f luroroc\'t os me into 5 fluorouracil 
and observed a large increase m the abilitv to 
selectively kill CEA prom.otor driven colon tum.or cells 
but not normial liver cells. In vivo they obser^v^ed that 

10 bystander tumior cells wnich were not transfected with 

the c\'tosine deam.mase gene were also killed, and that 
there was no toxicity to the host animal as the large 
tum.ors were regressing following treatment . Herpes 
simplex virus, (HSV) , th^m^.idine kinase sim.ilarl\' 

15 activates the prodrug gancyclovir to be toxic towards 

dividing cancer cells and HSV thwiidme kinase has been 
shown to be specifically activatable by tissue specific 
promoters . 

2 0 Prostatic Tumor Systems: Tne therapeutic kev^ tc 

effective cancer therapy is to achieve specificity and 
spare the p^atient toxicity. Gene therapy may provide 
a key part to specificity in that non-essential tissues 
such as the prostate and prostatic tumors produce 

25 tissue specific proteins, such as acid phosphatase 

(PAP), prostate specific antigen (PSA), and a gene 
which w^as cloned, pros tat e - speci f ic membrane antigen 
(PSMj . Tissues such as the prostate contain selected 
tissue specific transcription factors which are 

^1 responsible fcr bmdma the promc^ter region of tne 

DKA Df these tissue specific mRNA . The promioter for 
PSA nas been cloned. Usually patients who are being 
treated for metastatic prostatic cancer have been put ■ 
o^n androgen deprivation rherap-y which dr am.at i ca 1 1\' 

3 5 reduces the expression of m.RNA for PSA. PSM on the 

C'ther hand increases m expression with horm.cne 
deprivation which-m.eans it would be even m,ore intensel\' 
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expressed on patients being treated with hormone 
therapy . 
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EXAMPLE 3 : 

Sensitive Detection of Prostatic Hematogenous 
Micrometas tases Using PSA and PSM-Derived Primers in 
B the Polymerase Chain Reaction 

A PCR-based assay was developed enabling sensitive 
detection of hematogenous micrometastases m patients 
with prostate cancer. "Nested PCR", was performed 

10 amplifying m.R.NA sequences unique to pros tat e - speci f ic 

antigen and tc^ the prcsta t e - spec i f i c mLem.br an e antiaen, 
and have compared their respective results. 
Microme tast ases were detected in 2/30 patients (6.7%; 
by PCR with PSA-derived primers, while PSK-derived 

15 primers detected tumor cells m 19/16 patients (£3.3%) 

All 8 negative controls were negative with both PSA and 
PSM PCR. Assays were repeated to confirm, results, and 
PCR products were verified by DNA sequencing and 
Southern analysis. Patients harboring circulating 

2 0 prostatic tumor cells as detected by PSM, and not bv 

PSA-PCR included 4 patients previously treated with 
radical prostatectomy and with non - m^easurable serumi PSA 
levels at the time of this assay. The significance cf 
these findings with respect to future disease 

25 recurrence and progression will be investigated. 

Improvement in the overall survival of patients with 
prostate cancer will depend upon earlier diagnosis. 
Localized disease, without evidence of ext ra -pr ostat i = 
0 spread, is successfully^' treated v; 1 1 h e ^ t he i" radical 

prostatectomy^ or external beam, radiation, witn 
excellent long-term, results ( 2 , 3 ' . The mia^cr croblem. 
is that approximately two-thirds cf mien aiagnosed witn 
prostate cancer already have evidence of acvancec 
35 extra-prostatic spread at the time of diagnosis, for 

which there is at present no cure ( 4 ■ . The use ot 

clinical serum, m^arkers such as prcst at e - speci f i c 
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antiger; (PSA, and prostatiic acid phosphatase (FA?; have 
enabled clinicians tc defect prostatic carcinomas 
earlier and provide useful parameters to follov; 
responses to therapy 1 5 ; . Yet, despite the advent of 
5 sensitive serum. PSA assays, radionuclide bone scans, CT 

scans and other imaging mrodalities, results have not 
detected the presence C'f m.icrometastat ic cells prior tc 
their establishment of solid metastases. Previous work 
has been done utilizing the pol>mnerase chain reaction 

10 to amplify mRNA sequences unique to breast, leukemia, 

and other malignant cells in the circulation and enable 
early detection of micrometas t ases (6,7) . Recently, a 
PCR-based approach utilizing primers derived from the 
PSA DNA sequence was published (8) . in this study 3/12 

15 patients w^ith advanced, stage D prostate cancer had 

detectable hematogenous microme tast ases . 

PSM appears to be an integral membrane glycoprotein 
which is very highly expressed in prostatic tumors and 

20 metastases and is almost entirely prostate- specif ic 
(10) . Many anaplastic tumors and bone metastases have 
variable and at times no detectable expression of PSA, 
whereas these lesions appear to consistently express 
high levels of PSM. Prostatic tumor cells that escape 

25 from the prostate gland and enter the circulation are 

likely to have the potential to form, metastases and are 
possibly the m^ore aggressive and possibly anaplastic 
cells, a population of cells that miay not express high 
levels of PSA, but may retain hign expression of PSM. 

3 0 DNA primers derived from the sequences of botn PSA and 

PSM in a PCR assay were used detect miicromet astat ic 

cells in the peripheral circulation. Despite the high 
level of amplification and sensitivity of conventional 
RNA PCR, "Nested'' PCR approach m which a amiplified 

3 5 target sequence was employed, and subseq^jent ly use this 

PCR product as the template for another round of PCR 
cimpl i f : cat ion with a nev; s^* f pa-imers r or ally 
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contained wit:h:Lr. the seq^aence 
This approach has enabled us 
detection froir^ one prostati 
cells to better than one ce 

Katerials and Methods 

Cells and Reagents: LNCa? and MCF-7 cells were obtained 
from the American Type Culture Collection (Rockville, 

11 MD . ) . Details regarding the establishment and 

characteristics of these cell lines have been 
previously published (11,12) . Cells were grown m RPKl 
1640 media supplemented with L-glutamine, nonessential 
am;ino acids, obtained from the MS?:CC Media Preparation 

15 Facility, and 5% fetal calf serumi (Gibcc'-BRL, 

Gaithersburg , MD . i m a CO^ incubator at 37C, All cell 
m^edia was obtained from the MSKCC Media Preparation 
Facility. Routine chemical reagents were of the 
highest grade possible and were obtained fromi Sigm^a 

20 Chemical Company, St. Louis, MO. 

Patient Blood Specimens: All blood specim.ens used m 
this study were from patients seen m the outpatient 
offices of urologists on staff at MSKCC. Two^ anti- 

25 coagulated (purple top) tubes per patient .were obtained 

at the tim.e of their regularly scheduled blood draws. 
Specimen procurement was conducted as per the approval 
O'f the MSKCC Institutional Review Board. Samples were 
promiptl^^' brought to^ the laboratory for imLmediate 

1^1 t recessing. Serum PSA diid PA? de c e rmina 1 1 cn.s wercr 

performed by standard techniques b^^^ the MSKCC Clinical 
Chem.istry Laboratory. PSA de t erm.ma 1 1 ons v;erc 

pierfcrm.ed using the Tandem^ PSA assay (Hybritech, San 
2' 1 e a c: , C A . ) . The eight b 1 C' o d s o e c i m. e n s used OiC 

35 negative controls were fromt 2 m^ales with normal serum 

PSA values and biopsy - proven BPH, one healthy fem.ale, 
3 healthy m.ales, one patient with bladder cancer, and 



tne previous proouc^ 
increase the 1 e \* e 1 ^ f 
. umior cell per 10,011 
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one patient with acute promye locy t i c leukemia. 

Blood Sample Processing/RNA Extraction: 4 ml of whole 
ant icoagulated venous blood was mLixea with 3 m^l of ice 
5 cold phosphate buffered saline and then carefully 

layered atop 8 ml of Ficoll {Pharmacia, Uppsala, 
Sweden) m a 15-m.i polystyrene tube. Tubes were 
centrifuged at 200 x g for 30 min. at 4C- Using a 
sterile pasteur pipette, the buffy coat layer (approx. 

10 1 ml . ) was carefully removed and rediluted up to 50 m^l 

with ice cold phosphate buffered saline in a 50 m^l 
polypropylene tube. This tube was then centrifuged at 
2000 X g for 30 min at 4C. The supernatant was 
carefully decanted and the pellet w^as allowed to drip 

15 dry. One ml of RNazol B was then added to the pellet 

and total RNA was isolated as per manufacturers 
directions { Cinna/Biotecx , Houston, TX , ) . RNA 

concentrations and purity were determined by UV 
spectroscopy on a Beckman DU 64 0 spectrophotometer and 

20 by gel analysis. 

Determination of PGR Sensitivity: R1\A was isolated from 
LNCaP cells and from m.ixtures of LNCaP and r<CF-7 cells 
at fixed ratios (i.e. 1:100, 1:1000, etc.) using RI.^Azol 

25 B. Nested PGR was then performed as described below 

w^ith both PSA and FSM primers in order tc^ determine the 
limit of detection for the assay. LNCaP :MCF-^ 

(1:100,000) cDNA was diluted with distilled w^ater to 
obtain concentrations of 1:1,000,000 and 1:10,000,000, 

3 0 MCF-7 cells were cnosen because they navt^ ijeen 

previously tested ann ^hown not to express ?SM bv PCK . 

Polymerase Chain Reaction: The PSA outer primers usea 
span portions of exons 4 and 5 to yield a 466 bp FTP 
3 5 product and enable differentiation between cDKA ano 

possible contaminating genomic DNA am.pl i f i cat i on . The 
upsti'^ami prim.cr secuenoe beginning at nucleotide 4 94 ir: 
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PSA ci^'NA sequence is 5 ' - TACCCACTGCATCAGGAACA- 3 ' i.SEQ. 

. ; and t:he downs t re a:r. prirr^.er az nucleotide 5b 0 
- " — — - - 3AA3 CACACCATTACA - 3 ' '>SEQ. ID. No. ; . Tne 
PSA inner upstream; prir^Ler (beginning at: nuclecoide 55^,' 
5 ' - AZACAGGCCAGGTATTTCAG-3 ' (SEv- lo. No. and the 

downsorear. primer (at nucleotide 894; 5'- 
GTC3AGCGTCCAGCACACAG-3 ' (SEQ. ID. No. ; yield a 3 55 b 
PGR product. All primers were s\^.thesized by the MSKGG 
Microchemistry Core Facility. 5/ig of total RNA was 



reverse- transcribed into cDNA in a total volume of 20/^1 
using Superscript reverse transcrmtase ■Giboo-BP.L 
according to the mianuf acturers recommendations. ifil of 
this cDNA served as the starting template for the outer 
primer PGR reaction. The 20/il PGR mix included: 0 . 5U 
Tag pol>m:^erase (Promega Corp., Madison, WI . j , Promtega 
reaction buffer, 1 . 5mM MgCl^, 200mM dNTPs , and 1 . O/iM cf 
each primer. This mix was then transferred to a Perkm 
Elmer 9600 DNA thermal cycler and incubated for 25 
cycles. The PGR profile was as follows: 94C x 15 
sec., bOC x 15 sez., and 72C for 45 sec. After 25 
c:/c les, sam^ples were placed on ice, and Ifil of this 
reaction rriix served as the template for another round 
CO PGR using the inner primers. The first set cf tubes 
were returned to the thermial c^^^cler for 25 additic^nal 
cycles. PSM-PGR required the selection of primer pairs 
that also spanned an intrc-n in order to be certain that 
cDNA and not genom.ic DNA were being amplified. 

The PSK outer primers yield a 94 6 bp product and the 
inner primers a 434 bp prc'duct . The PSM out-^' uostreao. 
prim.er used was 5 ' - ATGGGTGTTTGGTGGTATTGAGC - 3 ' (SEQ. IH . 
Nc^ . : f beginning at nucleotide 14 01) and the dov.7^.st ream, 
prim;er (at nucleotide 234 8; was 5'- 

^ ^ o -J AG A AGATo AGATG G - 3 ' \ ^h.'^ . 12' . T^o . The PSI*'. 

inner upstream, primer (at nucleotide 15ei' was 5'- 
AGTGGTTGAAGAGCGTGGGG- 3 ' (SEQ. ID. Nc . , and the 
downstream primer (at nucleotide 2015. was 5'^ 
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AACACCATCCCTCCTCGAACC- 3 ' {SEQ . ID. Nc . ;. cDNA used 
was the same as for the PSA assay. The 501 PCR mix 
included: lU Taq Polymerase (Promega), 25C>M dICTPs , lOmiK 
-mercaptoethanol , 2mLN MgCl^, and 51 of a lOx buffer mix 
5 containing: IGGmuM NH^SO^, GVOmiM Tris pH S.6, and 2 mg/m.l 

of acetylated BSA. PCR was carried out m a Perkin 
Elmer 480 DNA thermal c\'cler with the fcllow^mg 
param.eters : 94 C x 4 m.inutes for 1 cycle, 94C x 30 sec., 
56C X 1 TTLinute, and 72C x 1 m;inute for 25 cycles, 

10 followed by 72 C x 10 minutes . Samples were then iced 

and 21 of this reaction mix was used as the template 
for another 25 cycles with a new reaction mix 
containing the inner PSM primers. cDNA quality was 
verified by performing control reactions using prim.ers 

15 derived from -actin yielding a 446 bp PCR product. The 

upstream primer used was 5 ' - AGGCCAACCGCGAGAAGATGA- 3 ' 
(SEQ. ID. No. ) (exon 3) and the dowTistream primer was 
5 ' -ATGTCACACTGGGGAAGC-3 ' (SEQ. ID. No. ) (exon 4). 
The entire PSA mix and 101 of each PSM reaction mix 

20 were run on 1.5-2% agarose gels, stained with ethidium 
bromide and photographed in an Eagle Eye Video Imtaging 
System (Stratagene, Torrey Pines, CA.). Assays were 
repeated at least 3 times to verify results . 

25 Cloning and Sequencing of PCR Products: .PCR products 

v;ere cloned into the pCR II plasmad vecrcr using the TA. 
Cloning system. ( Invi t r ogen ) . These plasmids were 
transformed into com.petent E. coli cells using standard 
methods (13; and plasmid DNA was isolated using Magic 

30 Minipreps (Promega) and screened by restriction 

analysis. TA clones were then sequenced by the dideoxy 
method (14) using Sequenase (U.S. Biochemical). 3-4g 
of each plasm.id was denatured with NaOH and ethancl - 
orecipi tated . Labeling reactions were carried out 

35 according to the mianuf acturers recomm.en iat icns using 

^^S-dATP (NEN) , and the reactions were termLinated as 
d 1 s c u s s d : n the s a m.e protocol. S *^ qu n : n a p r o d u c t .s 
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were then analyzed on 6% pol \'acr 1 1 air.i de / 7M urea ge^s 
run at 1 2 C watts f c r 2 h c u r s . 3 e 1 s were fixed t zi 21 
rr.inutes m 10% methanol/ 10% acetic aciu, transferred tc 
Whatman paper and dried down m a vacuur". drver for 

2 hours at 30C. Gels were tnen au t c radi ograpned ai 
roort; t emp'erature for 15 hours. 

Southern Analysis: Ethi diurr-.- stained agarose gels cf ?CR 
products were soaked f or 15 rr.inutes m C . 2:c HCl , 
followed by 3 0 minutes each m 0 . 5N NaC>K/1.5M ICaCl and 
2 • IM Tris pH 7.5/1.5M NaCl . Gels were then 

e:j^uilibrated for 10 m.mutes in lOx SSC ( 1 . 5M NaCl/l.lSy 
Sodiumi Citrate. DNA was transferred onto Nytran nylon 
mem.branes (Schleicher and Schuell) b\' o:ressure 

iidctting in lOx SSC witn a Posi-blotter ( S t ra t agene ;■ 
DNA was cross- linked to the membrane using a "SJ 
Stratalinker (Stratagene) . Blots were pre - hybr i di zed 
at 65C for 2 h^urthes and subsequently hybridized with 
denatured ^^P-labeled, randoms-primed cDNA probes (either 
PSM or ?SAj (5,15; . Blots were wasned twice in Ix 
SS?S/0.5% SDS at 42C and twice m 0 . Ix SSPE/O.5% SDS at 
50C for 20 m.inutes each, Mem.branes were air-dried and 
aut oradiographed for 3 0 m.mutes to 1 hour at -"^OC witn 
Koidak X-Omat filmL. 

ExO'er iment al Resul t s 

P CF. amp 1 i f i c a t i o n with nested p r i m.e r s i m,o r o \^ e d t n e 
level of detection cf or est at ic cells from 
app r oximiat el y oiie prostatic cell per 1C',0C0 yCr-^ cells 
to^ better than one cell per m. illion KCF~1 cells, using 
either PSA or ? S M - d e r i e d o ^ i m c i o u ^' e ^ 2 ■'^ ^ . * ~, ^ " c 

This represents a substantial i m,o r o '/e m^e n t i n t r: -r 
a b i 1 1 1 V " detect m: i n i m. a 1 disease. Characteristics if 
the 16 patients analyzed vrith respect to their clinical 
stage, treatm.ent, serum PSA and PAP values, and results 
of the assav are shown. In total, PS A -P CP detected 
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tumor cells ir. 2/ 2 I patients ;6,7%; , whereas PSM-PC^R 
detected cells m 1?'3 0 patients (63.3% . There were 
no patients positive for tumor cells b\' PSA and net b\' 
PSK, while PSM provided 8 positive patients not 
B detected b\' PSA. Patients IC and 11 m table 1, both 

w^ith \^er';y' advanced hc>rmione-refractcr\' disease were 
detected by botn PSA and PSK . Both of these patients 
have died since the time these sam^ples were obtained. 
Patients 4, 7, and 12, all of whom; were treated with 

10 radical prostatectomies for clinically localized 

disease, and all of whom have non-mieasurable serum. PSA 
values 1-2 years postoperatively w^ere positive for 
circulating prostatic tumor cells by PSM-PCR, but 
negative by PSA-PCR. A representative ethidium. stained 

15 gel photograph for PSK-PCR is snown in Figure 25. 

Samples run in lane A represent PGR products generated 
from the outer primers and samples in lanes labeled B 
are products cf inner primer pairs. The corresponding 
PSM Southern blot autcradiograph is shown m Figure 29 . 

20 The sensitivity of the Southern blot analysis exceeded 

that of ethidium staining, as can be seen in several 
sam.ples where the outer product is not visible c^n 
Figure 28, but is detectable by Southern blotting as 
shown m Figure 25. In addition, sam.ple 3 on Figures 

25 28 and 29 (patient 6 in Figure 30) appears tc^ contain 

both outer and inner bands that are smaller than the 
corresponding bands in t}';e o^ther patients. DNA 
sequencing has confirm.ed that the nucleotide sequen::e 
of these bands m.atches that C'f PSM, with tne exception 

3 0 of a sm.all deletion. This m^ay represent eitnt:! an 

dxtifact of PCR, alternat i^-^e splicing of PSM m^RNA. m 
this patient, or a PSM miutation. A.ll samples sequenced 
and analyzed by Southern analysis nave oeen confirmed 
as true oositi\^es for PSA a: 



Exper im.ent a 1 De t ai 1 s 

Th.e abiliL\' ^ »~ acov::'a t o 1\' staoe pa* I'^n's w i r ore; 
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cancer at the time cf diaanosis is clearly cf cararount 
irr.pcrtance m selecting appropriate therapy and m 
predicting long-terr: response to treatment, and 
potential cure. Pre-surgical staging nresenti\' 

5 consists cf physical examination, serum ?SA and PAP 

de t erm.inat ions , and num.erous im.agmg m.odalities 
including transrectal u 1 1 rasc^nogr aphy , CT scair.r.:^na , 
radionuclide bone scans, and even KRI scanning. No 
present modality, however, addresses the issue of 

10 hematogenous m.i crom^et asta 1 1 c disease and the potential 

negative impact on prognosis that this may produce. 
Previous work has shown that only a fractional 
percentage of circulating tumor cells will inevitably 
go on to form a solid metastasis (16/, however, the 

15 detection of and potential quantification of 

circulating tumor cell burden m^ay prove valuable m 
more accurately staging disease. The long-term, im.pact 
of hematogenous micrometastat ic disease must be studied 
by comparing the clinical courses of patients found to 

20 have these cells in their circulation with patients of 

sir.ilar stage and treatment who test negatively. 

The significantly higher level of detection of tumior 
cells with PSM as compared to PSA is not surprising tc 
^s, since more consistent expression of PSM m prostate 
carcinomas of all stages and grades as com.pared to 
variable expression of PSA m more poorly 
differentiated and anaplastic prostate cancers is 
noted. The detection of tumior cells in the three 
patients that had undergone 2^5dlcal crest aie^-t^mies 
witn subsequent undetectable amounts of seru"-. PSA was 
suprismg. These patients would be ccnsicered to be 
surgical "cures" cy standard criteria, ve: the\' 
apparently- continue to haroor prostatic tumo: cells. 

-will be interesting to follow tne clinical course of 
these patients as com.pared to otners witnout PCP 
evidence of residual disease. 
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EXAMPLE 4 : 



EXPRESSION OF THE PROSTATE SPECIFIC MEMBRANE ANTIGEN 

(PSM) DIMINISHES THE MITOGENIC STIMULATION OF 

AGGRESSIVE HUMAN PROSTATIC CARCINOMA CELLS BY 
TRANSFERRIN 



Ar. association between transferrin and human nrostate 
cancer has been suggested by several invest raators . It 




respect to their content of transferrin and that 
prostate cancer cells are rich in transferrin receptors 

(J- Urol. 143, 381, 1990). Transferrin derived fro:- 
bone marrow has been shown to selectively stimulate the 
growth of aggressive prcstate cancer cells ( PNAS 69, 
6197, 1992) . DNA sequence analysis has revealed that 
a portion of the coding region, from nucleotide 1250 to 
1700 possesses a 54% homology to the hum^an transferrin 
receptor. PC- 3 cells do net express PSM m.P.NA or 
pi^otem ana exnibit increased cell growth m resoonse 
to transferrin, whereas, hKlCaP prostate cancer cells 
which highly express PSM have a very weak res^^onse tc 
transferrin. To determiine whether PSM ext)ression bv 
prostatic cancer cells im.pacts upon their m.itogenic 
response to transferrin the full-length PSM cDNA was 
transfected into the PC-3 prostate cancer cells. 
Clones highly expressing PSM m.RNA were identified by 
Northern analysis and expression of PSM protein was 
'verified b\' Vv e s t e r n a n a \' ^ - u s i n cr the 3 n 1 1 PS 
monoclonal antibodv 7E11- 
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we re counted at 1 da\' to determine plat mg efficiency- 
and at 5 days tc deterr-.ine the effect of tne 
transferrin. Exper irrient s were repeated tc verify the 
results . 

5 

?C-3 cells experienced an average increase cf 275% over 
controls, w\nereas the LNCa? cells were only stimulated 
43%. Growth kinetics revealed that the PSM- t ransf ect ed 
PC-3 cells grew^ 30% slower than native PC-3 cells. 
10 This data suggests that PSM expression in aggressive, 

metastatic humian prostate cancer cells significantly 
abrogates their mitogenic response to transferrin . 

The use of therapeutic vaccines consisting of cytokine - 

15 secreting tumor cell preparations for the treatment of 

established prostate cancer was investigated in the 
Dunning R3 3 2 7 -MatLyLu rat prostatic adenocarc inomia 
model. Only IL-2 secreting, irradiated tumor cell 
preparations were capable of curing animals from 

20 subcutaneously established tumors, and engendered 

immunological memory that protected the animals from: 
another tumor challenge. Immunoth.ex apy was less 

effective when tumors were induced orthotopically , but 
nevertheless led tc improved outcome, significantly 

25 delaying, and occasionally preventing recurrence of 

t um^c rs after resection of the cancerous prostate. 
Induction of a patent immune response in tumor bearing 
animals against the nonimimiUnogenic MatLyLu tum>or 
supports the view that active immunotherapy of prostate 

30 cancer m^ay have therapeutic benefits. 
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EXAMPLE 5 



z u 



CLONING AND CHARACTERIZATION OF THE PROSTATE SPECIFIC 
MEMBRANE ANTIGEN (PSM) PROMOTER. 



Tne expression and regulation of the ?5X gene is 
coTT.piex. By immune st aming , FS.M >E^r.*L :^q^rL was found zz. 
oe expressed orilliantly m metastasized turr.or, and m 
organ oonfmed tumor, less sc m ncrmal prostatic 
tissue and o.sre neterogencus m E?H. PSX is strcngl'/ 
expressed in both anaplastic and hc^rmone refractorv 
tumors . PSM mRKA has been shown to be down regulated 
by androgen. Expression of PSK is also^ m.O'dulated 

by a nost of cytokines and grow^th factors. >tnov;ledge of 
the regulation of PSM exn^ression should aid m such 
diagnostic and therapeutic strategies as 

imunosc int igraphic im^agmg of prostate cancer and 
prC'tate - specific promot er - driven gene therapy . 

Sequencing of a 3 kb genom.ic DNA clone tnat contained 
2 . E' kb upstream. of the transcription start site 
revealed that two stretches of aho^ut 3 0C b.p. -2 6 0 to 
-€CC; and - 1325 to - 1625.' have substantial nomclog\' 
(79- 87%; to known genes. The prcm,cter lacks a G2 ricn 
region, nor dc^es it have a consensus TATA oox . 
Hc'wever, it contains a TA-rich regio^n frcm. pO'Sition -35 
to -65. 

S e \' e r a . i s e s u s r e s i o r~ 1 1 i ""^ n i *" e s n 1 1 -"^ i 

tianscription factors su cn as API, APT, KFkT, 3RE ano 
E2-RE were identified. Chimeric co^nstructs containing 
f r a gmie n t s of the up s t ream: r e g i oi\ c f tne PS V. gene fused 
tu a nromcterless cn ^ c r ampne r. i c 1 1 aiet\u tiansieic^se 
gene were transfected intc^ and transientl;/ expresseu 
1 n T ■ TTa P , P 2 - 3 , and S W 6 2 1 i a s c i o n i c cell line . >t 1 1 :". 
an additional SV4 1 enhancer, sequence frcm. -56 5 to 
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exhibited promorer activit\' ir. LNCaF cut net m PC- 3 
ncr m SW6 2C . 

Materials and Methods 

Cell Lines. LiNCaP and ?C-3 prostatic carcinoma cell 

lines (American Type Culture Collection, were cultured 
m RPMI and MEM respectively, supplemented with 5% 
fetal calf serum at 3^'C and 5% CC^ ■ SW62C, a colonic 
10 cell line, is a gift from Melisa. 

Polymerase Chain Reaction. The reaction was performed 
m a 50 ^1 volume with a final concentration of the 
following x^e agent s : 16,6 muM NH^SC^, 67 roK Tris-HCl pH 

15 8.8, acetylated BSA 0.2 mg/ml , 2m!^ MgCl^, 2 5 0uM dKTPs, 

10 mM S-mercaptoethanol , and 1 U of rth 111 Taq 
polymerase (Boehringer Mannhiem, CA) . A total of 25 
cycles were completed with the following profile: cycle 
1, 94 'C 4 min . ; cycle 2 through 25, ^4 ' C 1 mm, 60 'C 1 

20 min, 72 *C 1 min. The final reaction was extended for 

10 min at 72 *C. Aliquots of the reaction were 
electrophoresed on i % agarose gels m IX Tr is ■■ acetate - 
EDTA buffer . 



Cloning of PSM promoter. A bacteriophage PI library of 
humian fibroblast gencm.ic DNA (Genom.io Sysytem.s, Tnr- _ 
St. Louis, MI), was screened using a PCR m;ethO'd of 
Pierce et al . Primers located at the 5' end of rSM 
CL'NA were usea : 5 ' - Cl'CAAAAGGGGCCGGATTT C C - 3 and 
5 ' CTCTC7'J^.TCTCACTAATC;rrTC- 3 ' . A Dositive c^c^ne, P'bb^, 
was digested with Xhol restriction enzyme. Southern 
analysis O'f the restricted fragments using a DNA t'rooe 
from, the extreme 5' tc tne Ava-1 site of P^SM cP'NA 
cc nfirmed that a 3 r'b fragment contains tne 5' 
regulator\' sequence of the PSM gene. Tne 3 kb Xncl 
lici'jm^^r.^ was subcloned :nt'^ nP'SR ] u^ so rpt vectors and 
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Functional Assay of PSM Promoter. Cn 1 c r a^xher. i cc 1 

Acetyl Trar.s f erase , 'CAT; gene plasrr:ids were 
E constructed f r c:r. the £ T.a 1 - H m d I I I f r a a:r;e n t s c r 

s n f r a 9 e FT; e n t s ■ c s r n g either restriction e n z \Tr.e 
subf ragT.ent s or FCPh by insertion into "or otTlC t e r 1 e s s 
p ZA.T basic or pCAT - enhance r vectors 'Promeaa; . -^ChT- 
constructs were cc-t rans f e c t ed with pSVSgai p lasT.id 5 

1 r u ^ of each, p 1 a s rr. i d ... into- cell lines i n duplicates, 

Gai t her sourg , MD; . The transfected cells were 

h a r V ested 72 hours later and assayed [IS fig of lysate) 
for CAT activit\^ using the LSC n^.ethod and tor fSgal 
15 activity {?r omega) . CA.T activities were standardized 

by comparisicn to that of the :i;>gal activities. 

Resul ts 

2 0 Sequence of the 5' end of the PSM gene. 

1 ne DNA. sequence of the 3 kb Xhol fragment of p6 8 3 
wnich includes 500 bp c;f DNA from the RICA start site 
was determLined {Figures 31A-31D; Sequence 653XFRVS 
starts f roim. the 5' distal end of PSM pro)m;Cter, it 
2 5 O'verlaps w^ith the published PSK putative promoter at nt 

2455, I.e. the putative transcription start site is at 
nt 24 S5; sequence 6 B3XF107 is the reverse, comiplement 
C'f 6B3XFRVS) . The sequence from, the Xhol fragm.ent 
displa\'ed a remarkable arrays o-f elements and motifs 

regulator \' regions found :n other genes :Figurc 32; . 

Functional Analysis of upstream PSM genomic elements 
for promoter activity. 

Various pCAT-?SM pro^miOter constructs were tested for 
tromoter activities m two nrostatic cell lines: 
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106 



LXCaP, PC- 3 and a colonic SW62C ; Figure 3 3, . 
of CAT activity was neither observed m pTO~0 
contained a 1070 bp PSM 5' promoter fragner 
p676 -CAT which contained a 641 bp PSM 5' 
fraaiTient. However, with an additional SV-4C 



sequence 
promoter 
£W6 2 C . 



froTTi -56 5 
activit\' i: 



■76 



:ate 



^ nauct 1 on 
- CAT whi ch 
t , nor m 
promo t e y 
e n h a n r e r , 
exhibited 



10 Therefore, a LNCaP specific promoter fragment from -565 

to +76 has been isolated which can be used m PSM 
promoter -driven gene therapy . 



EXAMPLE 6 : 

ALTERNATIVELY SPLICED VARIANTS OF PROSTATE SPECIFIC 
MEMBRANE ANTIGEN RNA; RATIO OF EXPRESSION AS A 

POTENTIAL MEASUREMENT OF PROGRESSION 



2 0 MATERIALS AND METHODS 

Cell Lines. LNCaP and ?C-3 prostatic carcinoma cell 

lines were cultured m RPMl and MEM respectively, 
supplemented with 5% fetal calf serum at 37* C and 5% 
2 5 CO^. 

Primary tissues. Primiar\^ 
obtained from MSKCC's in 
service. Gross specim.en were 
1^ C MSKCC's pathology service. 



prostatic tissues were 
-house tum.or procurement 
; patholc^gically stagea hy 



RNA Isolation. Total RNA was isolated by a 

m.odi f led guanidinium, t hiocynat e/ phenol / chlorC'f c rm; 
m;ethod using a RNAzol 3 kit ^Tel-Test, Friendswood, 
TX ';- . RNA was stored m dieth\'l py rocarbona t e - t r e a t e d 
water at -80 *C. RNA was quantified using 
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Polymerase Chain Reaction. 1 i g c n u r 1 e ^ ^_ i d e 

— - 1' rr. 6: s ■■ 5 ' - C T i^Jn. G G G G C C 3 3 A T T T C C - 3 ' b. n c 5 ' - 

— - ^ _ T ^ s_ A ^ ^ _ AAA ^ - ' , / s p ^ c 1 1 1 c i c r t: r:6^ E ' a n o j ' ends 
cf PSK cDr:A were designed no span the cDNA seauenre . 
The reactiion was performed m a 50 j^l volurr.e with a 
final concentration of the follov;ing reagents 16.^ -o*-; 

15 I^,SC^, 67 n:LM Tris-HCl pH 8.S, acetylated ESA 0.2 rr^g/^l , 

2rrLM MgGl^, 2 50uM dNTPs , 10 rpJ^< B - rr.er capt oe t hano 1 , and 1 
U of r T t h p o 1 ^,'CTie rase (Per kin El me r , No r wa 1 k , CT . A 
total of 25 cycles were completed with the following 
profile: cycle 1, 94 * C 4 min . ; cycle 2 through 25, 54 * C 

20 1 m.in, 60 'C 1 min, 72' C 1 m.in . The final reaction was 

extended for 10 mi in at 72 'G. Aliauo^ts of the reaction 
were e leer roo here sed or. 1 % aaarose aels m IX Tris- 



Cloning of PGR products. PGR pro>ducts were cloned b\' 
the TA cloning mLOthod into pCRII vector using a Kit 
from Invitrogen fSan Giego, CA) . Ligatic^n m.ixture were 
transformed into o c; m. "o e t e n t £ s c h e i" i oh 1 a c d i I n 5 -a 




RNase Protection Assays 



was oiaeste: 



'ith NaoM 



,ne ^ 
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was is^lared and subclcned into pSPORTl vector ,31BCC- 
BRL, Gai thersDurg , MD; . The resultant plasT.id, pS?35C, 
was linearized, and the insert was transcribed by SFc 
RNA polymerase to yield antisense probe cf 3 95 
5 nucleotide long, cf which 3 55 nucleotides and/'c;r 21 j 

nucleotides should be protected from RI\:Ase digestion b\' 
rSM or PSM' H.NA respectively' (Fig. 2; . Total celluar 
F.NA ^20 i^g) frorri different tissues w^ere hybridized to 
the aforementioned antisense RNA probe. A.ssays w^ere 
10 performed as described (7) . tRNA was used as negative 

control. RPAs for LNCaP and PC-3 were repeated. 

RESULTS 

RT-PCR of mRNA from normal prostatic tissue. Two 

15 independent RT-PCR of mRNA from normal prostates were 

performed as described in Ma.teria.ls and Methods , 
Subsequent cloning and sequencing of the PCR products 
revealed the presence of an alternatively spliced 
variant, PSM' . PSM' has a shorter cDNA (2387 

20 nucleotides) than PSM (2653 nucleotides) . The results 

c>f the sequence analysis are shown in Figure 34 . The 
cI>NAs are identical except for a 266 nucleotide region 
near the 5' end of PSM cDNA (nucleotide 114 to 380) 
that IS absent in PSM' cDNA. Two independent 

2 5 repetitions of RT-PCR cf different mJ^^A samples yielded 

identical results . 

RNase Protection Assays. An RNA probe complementary to 
PPM RN'A and spanning the 3' splice junction c^f PSM' RNA 

3 1 was used to m.easure relative expression of PSM ana PSM' 

mPJ\ As ( r 1 y Li r e 3 3;. V7 1 1 h t h i c p r ooe , both PSM ^r-,n SM ' 
RNAs in LNCaP cells was detected and the predom.inant 
ic^rmi was PSM. Neither PSM nor PSM' RNA was detected m 
r C - 3 cells, 1 n agreement with previous 1^ o^ r t h e r r. a n d 
3 5 Western blot data '5,6; . Figure 36 s no wee tne 

t'resence of both splice variants in hum^an primarv' 
r o s r a i o i i s s u s . T n r r \ rr.riry p r c s t a 1 1 o t u m. - ■ , p S : 
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expressed r.^re ?SM' than ?SM . B?H sa^-.ples sr.cv.'ei arcut. 
equal expression of both variants. 

Tumor Index. The relative expression cf ?Sy. and PSM ' 

■■Figure 36. was quantified hy dens 1 1 OT,e t r;/ and 
expressed as a tuTior index (Figure 3 7 , T!.'TaP has an 
index ranging fro^r. 9-11; CaP fro- 3-6; H?H fror^, 
to 1.6; normal prO'State has values from. Z.Z^S ti 

DISCUSSION 

Sequenomg data of PGR products derived fro- human 
normal prostatic mRNA with 5' and 3' end PSK 
oligonucleotide primers revealed a second splice 
variant, PSM ' , m addition to the previously described 
PSM cDNA. 



PSM is a 750 a. a. protein with a calculated miolecular 
weight cf 84,330, PSM was hypothesized to be a t\^e 11 

20 integral m,em±)rane protein (5) . A classic t\T^e II 

m:emLbrane protein is the transferrin receptor and indeed 
PSM has a region that has modest hom.ology witn tne 
ti-ansferrin receptor (5) . Analysis C'f the PSM amiino 
acid sequence by either the methods of Rao and A.rgos 

25 (7) or Eisenburg et. al . {&) strongly predicted one 

t ransmiemibrane helix in the region from a-a,^2C to #4 3. 
Both program^s found other regions that could be 
mem.brane associated but were not cc-nsidered liKel\^ 
candidates f or being t ransm>em>brane reqio^ns . 



PSM' antigen, on the other hand, is a 653 a. a. protein 
as deduced from its m.P^'A sequence v/ith a m.olecular 
weight of 78,000. PSM' antigen ^acKS tne first 5^ 
ammo acids present :n Pi^M antigen 'Figure 4 ■ . It i =■ 
likely that PSM' antigen is cytosolic. 



The function of PSM and PSM' are pronably diffe: 
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Tne cellular location of ?SM antiger. sugaes::s mar it 
rr.ay interact with either extra- cr intra- cellular 
ligand; s) or both; wnxle that of ?SM' iT^plies that ?SM ' 
can only react with c^'tosc^lic ligand.s, . r u r t n.e rrr.or e , 
5 ?SM antigen has 3 potential phosphcr\'l a 1 1 on sites on 

Its cytosolic domain. These sites are absent m PSM ' 
antigen. On the other hand, ?S^y anticren nas 25 
po:. t e n t i a 1 pho spho ry 1 a 1 1 on sites, 1 C N - m\'r i s t oy 1 a 1 1 on 
srtes and 9 N -glycosy lat ion sites. For PSM antigen, 

10 all of these potential sites would be on the 

extracellular surface. The TT.odi f icat ions of these 
sites for these homologous proteins would be different 
depending on their cellular locations. Cc^nsequent ly , 
the function (s) of each forrr. would depend on how they 

15 are modified. 

The relative differences m expression of PSM and PSM' 
by RNase protection assays was analyzed. Results of 
e>rpression of PSM and PSM' in primary prostatic tissues 

20 strongly suggested a relationship between the relative 

expression of these variants and the status of the 
cell: either normal or cancerous. While it is noted 
here that the sam.ple size cf the study is smiall 
(Figures 36 and 37), the consistenc\' of the trend is 

25 evident. The samples used were gross specim.ens frcm 

patients. The results miay have been even more dram.atic 
if specim.ens that were pure in content ot P , RPH or 
normal had been used. Nevertheless, m these 

specimens, it is clear that tnere is ^ relative 

2 0 increase of PSM over PSM' mkNA m tn^ cnange froo, 

noiiKdl to CaP. The Tumor Index (Figure 2^' could 
useful in measuring the pathologic state cf a given 
samiple. It is also possible tnat tne cnange ir. 

expression of PSM over PSM' m^a;/ be a reason for tumor 

5 5 nrogression. A more differentiated tum.or state m.a\' be 

restcred by PSM' either b\' transfeotion or c/ tn-e- use 
c f d 1 f f e 1 ^ n r : a t 1 o. n a a e n t s . 
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EXAMPLE 7 : 

ENHANCED DETECTION OF PROSTATIC HEMATOGENOUS MICRO- 
= METASTASES WITH PSM PRIMERS AS COMPARED TO PSA PRIMER.q 

USING A SENSITIVE NESTED REVERSE TRANSCRIPTASE - PCP 
ASSAY. 

77 randorr;ly selected sarr>ples were analyzed froT. 
pat:ien::s winn prostate cancer and reveals that PSM and 
r-j^A pr:.rr.ers aetectea circulating prostate cells m 4 8 
i62.3%) and 7 (9.1%) patients, respectively. In 
treated stage D disease patients, PSM primers detected 
cells m IG of 24 '66.7%:, while PSA primers detected 

15 cells m 6 of 24 patients (25%;' . In honrone - re f ractcrv 

prostate cancer (stage D3 ) , 6 of 7 patients w^ere 
positive with both PSA and PSM primers. A.ll six of 
these patients died within 2-6 months of their assay, 
despite aggressive cytotoxic chemotherapy, in contrast 

2 0 to the single patient that tested negatively in this 

group and is alive 15 m.onths after his assay, 
suggesting that PSA- PGR posit ivit\' may serve as a 
t'redictor cf early m.ortality. In post-radical 

p^ r o s t a t e c t or::y patients w^ i t h negative s e rum: PSA values, 

2 5 PSM primers detected metastases m 21 ot 31 patients 

■■67.7%; , while PSA primers detected cells in only 1 of 
33 (3,0%), indicating that macrometas tat ic spread miay 
oe a relatively e a r 1 \' event i n o r o s t a t e cancer. T h ^ 
analysis cf 40 individuals witnout Known prostate 

specific and suggests that PSM expression ma\^ nredict 

the development of cancer m patients v/ithour 

clinicallv' apparent prostate cancer. Us mo PSM 

p r 1 T; e I' s , m 1 c r c m. e t a s t a s e s were detected in 4 f 4 ' 

controls, two cf whom, nad known 3PH b\' O' restate bior:s\' 

and were later found to h a \' e o r e i c: u s 1 \' u n d e t e c t e c 
p r c: s t a t e cancer t c _ _ C' w i n g r e C' e a t n r o s t a t e c i c 0' s \ ' 
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perforr:^,ed for a rising seruvTi FSA value. These results 
show zhe clinical significance cf detection cf 
heiT^.at ogenous mi crome t a s t a 1 1 c prostate cells using PSK 
primers and potential applications of this molecular 
assay . 



EXAMPLE 8 : 



MODULATION OF PROSTATE SPECIFIC MEMBRANE ANTIGEN (PSM) 
10 EXPRESSION IN VITRO BY CYTOKINES AND GROWTH FACTORS. 

The effectiveness of CYT-356 imaging is enhanced by 
manipulating expression of PSM. PSM miRNA expression is 
dov/nregnulated by steroids. This is consistent with the 

15 clinical obser\'^ations that PSM is strongly expressed in 

both anaplastic and hormone refractory lesions. In 
contrast, PSA expression is decreased following hormone 
withdrawal. In hormone refractory disease, it is 
believed that tumor cells may produce both growth 

20 factors and receptors, thus establishing an autocrine 

loot> that perm.its the cells to overcome normal growth 
constraints. Many prostate tumor epithelial cells 
express both TGFo and its receptor, epidermal growth 
factcr receptor. Results indicate that the effects of 

2 5 TGFq' and other selected growth factors and. cytokines on 

the expression of PSM in- vitro, m the hum.an prostatic 
carcmomia eel 1 line LNCaP . 

2x:: C;^ LNCa? cells growing m androgen - depleted media 
r. were treated for 24 to 72 hours witn EGF , TGFa, TNFJS or 

TNFl^ m concentrations ranging ^rom C.l ng/ml to 100 
ng/mil. Total RNA was extracted from the cells and PSM 
miF.NA exT^ression was quant itated by Northern blot 
analysis and laser densitometry. Beth o-FGF and TGFa 
35 yielded a dos e - dependent 10-fold upregulation of PSM 

expression, and EGF a 5- fold upregulation, compared tc 
, ^ ^ - ^ . ] y r J r . In contrast, 1 n ^ i '7 y ^> ' ^ P s have s hi r; wn 
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ir.ese growth farters ir. this sar^.e ir-'/itro ^rde' 

d 3 v.*r. r e g u 1 a c e d P S M e >:p r e s s i o 6 - f c 1 d i r. a n d c 2: 
^ depleted LNCaP cells. 

T3Fa ts :r.i.togenic for aggressive prostate cancer cells. 

Tnere are multiple forms of PSK and C!nl\' the -emorane 

r c r m IS found 1 n association with tumor o r o o r e s s 1 !■ - 

Tne acuity to manipulate PSM expression by treatment 

w 1 1 n z y t c 1 n e s ana g r C' w tn lactcrs may einr^a.nce t h e 
erficacy c^f Cytogen 356 imaging, and therapeutic 
targeting of prostatic m^etastases. 

15 EXAMPLE 9 : 

NEOADJUVANT ANDROGEN- DEPRIVATION THERAPY (APT) PRIOR TO 
RADICAL PROSTATECTOMT RESULTS IN A SIGNIFICANTLY 
DECREASED INCIDENCE OF RESIDUAL MICROMETASTATIC DISEASE 
2 0 AS DETECTED BY NESTED RT-PCT WITH PRIMERS > 

Radical pros tat ect omiy for clinically localizec prostate 
cancer is scnsidered by many the "gold standard" 
treatment. Advances over the past decade ha\'" servec 
25 to desrease morbidity dram^at 1 ca 1 ly . . Im.orovements 

intended to assist clinicians in better staging 
patients preoperat i ve ly have been developed, however 
the incidence of ext ra - pros t at i c spread still exceeds 
5 0 % , as reported 1 n n umie r ou s studies. A o n a s e 11 Z 

compare the effects of ADT for 3 months m oatients 
undergoing radical prcst at ectom.y v;ith simdlarl\* matcher: 
controls receiving surgery alone was conducted. Th-'- 

margin positive rate m the A3T group :: = 'SS' as 
compared t o^ a 3 3% positive rate '11 ='^2' m the 5urc:^^-\* 



ct ^ o 
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Patients who have corr.pleted the phase III study were 
analyzed tc deterrt.me if there are an\' differences 
between the two groups with respect tc residual 
micrometastat ic disease. A positive PCR result ^n a 
5 post -prostatectomy patient identifies viable metastatic 

cells m the circulation. 

Nested RT-PCR was performed with PSM prim.ers on 12 
patients fromi the ADT group and on 10 patients from, the 

10 control group. Micrometas t at ic cells were detected in 

9/10 patients (90%) in the control group, as compared 
to only 2/12 (16.7%) in the ADT group. In the ADT 
group, 1 of 7 patients with organ- confined disease 
r^^r^-] oositivelv, as compared to 3 of 3 patients m 

15 the control group. In patients with extra-prostatic 

disease, 1 of 5 were positive in the ADT group, as 
compared to 6 of 7 in the control group. These results 
indicate that a significantly higher numiber of patients 
m.ay be rendered tumor-free, and potentially "cured" by 

20 the use of neoadjuvant ADT. 



EXAMPLE 10: 



SENSITIVE NESTED RT-PCR DETECTION OF CIRCULATION 

2 5 PROSTATIC TUMOR CELLS - COMPARISON OF PSM. AND PSA-BASED 

ASSAYS 

Desoite the improved and expanded arsenal of modalities 
available to clinician today, including sensitive serum 

3 0 PSA assavs , CT scan, transrectal ultrasonography, 

endorectal co . I MRI , etc., many patient-^ a-- s-:ll 
found to have metastatic disease at the time of pelvic 
lymph node dissection and radical pros t a t ec t om.y . A. 
.highly sensitive reverse transcription PCR assay 
3i capable of detecting occult hem>a t ogenous 

micrometastat ic prostatic cells that would otherwise go 
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was developed. .his assa\' is a r^.sa^ f i i:a^ i cr. of sirr^^ar 
? CR a s s a \' s p e r f c r r^.e d i r. r: a 1 1 e r. t: s with :i r c s t a t e c a r. s e r 
and ether rr.al i ^nan:^ les^'^'*^'^ . Tne assa\' eirplcys ?CR 
prirr.ers derived froT, the cD:;a sequences cf cristate- 
specific antigen'^ and the pros t a t e - spe c i f i c rr.er.nrane 
antiaen recentl'/ cloned and seooenoed. 



Materials and Methods 

Cells and Reagents. LNCaP ana MCF-7 celis were 

(Rcckville, KD . ) . Details regarding nhe es t abl i shrr.ent 
and characteristics of these cell lines have oeen 
previously published®-^. Cells grown m R?MI 
medium and supplemented with L-glutam;xne , nonessential 
am:inC' acids, and 5% fetal calf serum ' GibcO' - RR.L , 
Gaithersburg, MD . ) In a 5% CO^ incubator at 37'C. All 
cell miedia was obtained from. the MSKCC Media 
Preparation Facility. Routine chemiical reagents were 
of the highest grade possible and were obtained from: 
Sigma Chemical Ccmoanv (St. Lo^uis, MS) . 



u :rj tz: -l ^ . 



Patient Blood Specimens. All blood specimiei 
this study were f r om. patients seen m the outpatient 
O'ffices c:f urologists on staff at MSKCC. Two anti- 
roagulated tubes per patient were obtained at the time 
cf their regularly scheduled blood draws. Specimens 
were C' b' t a i n e d w^ i t h i n f c r m. e d r ~) n s e n t of each n a 1. 1 e n t 
as per a protocol approved by the MSKCC In stitutic^nal 
' ^ 1 e V.' 13 O' a 1" a . o a mn ^ e s 'were c i' c rr. c- 1 _ \' o r o, u o n *l t c. t n e 
^ a o 1 r a t (::■ i"y f O' r i mime d i a t e processing. S e v e n t \* - seven 
specim.ens f r omi patients w 1 1 n n r o s t a t e cancer were 
randomily sele:rted and deliverec tc tne laborator\' 
" b 1 1 nde d " a 1 ona w i r h s am^n 1 e s f r om ne a a 1 1 vc con t r c^ Is f o i 



^ „ ct ^ 



p r C) c e s s 1 n g . ^ n e s e i n c i u u e o 14 n a 1 1 e n t s v; i : 
disease i3 with D^, 1 with 1', 11 v;ith Z^, and ^ v;it: 
C^;, 31 patients who nad previcusl\' underaone radioa! 
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prosracecnomy ana had undetectable postoperative serurr, 
PSA levels (IS with pT2 lesions, 11 with pT3 , and 2 
pT4 ) , 2 patients with locally recurrent disease 
following radical prostatectomy, 4 patients who had 
E received either external beam radiation therap\' or 

interstitial l''^^ implants, IC patients with untreated 
clinical stage T1-T2 disease, and 6 patients witn 
clinical stage T3 disease on ant i - an drogen therapy . 
The forty blood specim.ens used as negative controls 

IG were from 10 health males, 9 males with biopsy-proven 

EPH and elevated serum PSA levels, 7 healthy females, 
4 m.ale patients w^ith renal cell carcinom.a. 2 patients 
with prostatic intraepithelial neoplasia (PIN) , 2 
patients with transitional cell carcmomia of the 

15 bladder and a pathologically normal prostate, 1 patient 

with acute prostatitis,, 1 patient with acute 
promyelocyt ic leukemia, 1 patient with testicular 
cancer, 1 female patient with renal cell carcinoma, 1 
patient with lung cancer, and 1 patient w^ith a cyst of 

20 the testicle. 



Blood Sample Processing/RNA Extraction. 4 m.l of whole 
ant icoagulated venous blood was mixed with 3 ml c^f ice 
cold PBS and then carefully layered atop 6 mil of Ficoll 
25 (Pharmacia, Uppsala, Sweden) in a 14 -ml polystyrene 



tube. Tubes were centrifuged at 2 00 x g for 3 0 m.m . at 
4°C. The bjffy coat layer (approx. 1 ml./ was 

carefully rem.cved and redi luted to 5 0 m.l with ice ccld 




supernatant w^as carefully decant t;d and the relict was 
allowed to drip dry. One mil of RlCazol B was then added 
to the pellet and total RNA was isolated as per 
manufacturers directions { Cmna/Eiotecx , Hc^uston, TX . 



r.NA concentrations and purity w^ere determLined by u"v' 
spectroscopv on a Beckm^an DU 64 0 spe c t rophot cjme t e r and 
r\' . ana 1 vs 1 i; . 
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Determination of PGR Sensitivity. .-::A was isclaie:: 
frorr, LKCa? cells and fror. rr.ix*i-res cf LNCa? and yCF-'^ 
celj^s a*i f'iL>i'Sif i'~atiic~'S 1:1 CI 1:1 Z Z Z etic '^^''^c: 

R!C A z G 1 H . is e s t e d 2 R was then p e r f c r r^, e d as d e s s r m e d 
fc' e 1 o v; w 1 1 n z; c c n PSA. and P S ■< p ri r^. e r s m c r d e r t c 
deterrr.me t.he lirr.ir of detection for the assa\'. 
LNCa?:M::F-7 :::lC0,00t cDNA was diluted with distilled 
water to obtain concentrations cf 1:1,010,110. The 



nurr.an creast rancer cell line MCF-7 was chosen 



tne>' had previC'Usly oeen tested by us and shown not to 
express either PSM nor PSA by both immunclni s t o-chemi s t r;/ 
and convent ic-nal and nested PGR. 

15 Polymerase Chain Reaction. The PSA. cuter prirr;er 

£e:q;^uences are nucleotides 4 54 -513 (sense) m exo^n 4 and 
nucleotides 56 0-979 (anti-sense) in exon 5 of the PSA 
cDNA. These primers yield a 486 bp PGR product from 
PSA. GDNA. that can be distinguished from a product 

2 0' s \^ n t h e s i z e d f r O' m. n^ c; s s i b 1 e c o *^ t a m i n a t i n c c ^ n o i c T "^C A 

PSA-494 5' -TAG CCA CTG CAT GAG GAA CA-3' 
PSA- 960 5'-GGT TGA AGG AGA GGA TTA GA-3' 

The PSA inner upstream prim.er begins at nucleotide 559 
and the dowm:stream. prim.er at nucleotide 3 94 to \'ield a 
2 5 3 55 bp PCR product. 

PSA- 559 5' -AGA GAG GCC AGG TAT TTC AG- 3' 
PSA-894 5'-GTG GAG CGT CCA GGA GAG AG-3' 
A. 1 1 n r 1 m; e r s were s 'v ' n t h *^ s i z e d b \' t h 5" V o 

1 c r ocnemi s t ry Core Facilit\^. 5;^g of total RTsIA was 

primers iSiC'Co-ERL) and Superscript 11 re\'erse 
transcriptase (Gibcc-RRLi according to the 

m, a n u f a ^ *r '.i y e r s r e c om.m e n c a 1 1 o o* s . 1 u -i- or t Ti i s 7 71\ A. s r '/ o 
as t h C' starting t e m.p 1 a t e for the outer p r i m.e r P 7 F 
^ reaction. The 20^1 PCR m: i >: included: C . E 1' T a c 



y.ciZl^, OOr^X dl^TPs, ana l.Z. 
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was then transferred to a Perkm Elmer S*60Z DNA thermal 
CN^cler and incubated fcr 25 cycles. The FTR prcfile 
was as follows: 94"C x 15 sec., GQ^C x 15 sec., and 
72"C for 45 sec. After 25 cycles, samples were placed 
- on roe, and 1/il of this reaction mix served as the 

template for another 25 cycles using the inner primers. 
The first set of tubes were returned to the therm.al 
cycler for 25 additional cycles. The PSM outer 
upstream, primmer seq^uences are nucleotides 13 66 - 13 90 and 
10 the downstream primers are nucleotides 1995-2015, 

yielding a 67 bp PGR product. 

PSM-1368 5'-CAG ATA TGT CAT TCT GGG AGG TC-3' 
PSM-2015 5'-AAC ACC ATC CCT CCT CGA ACC-3' 

15 The PSM inner upstream primer span nucleotides 1689- 

1713 and the downstream primer span nucleotides 1899- 
1923, yielding a 234 bp PGR product. 
PSM-1689 5' -CCT AAC AAA AGA GCT GAA AAG CCC-3' 
PSM-1923 5 '-ACT GTG ATA CAG TGG ATA GCC GCT-3' 

20 2^il of cDNA was used as the starting DNA template in 

the PGR assay. The 50|il PGR mix included: lU Taq 
polym:ierase (Boehringer Mannheim^) , 250^M cNTPs , lOmM \<- 
mercaptoethanol , 2muM MgCl2, and 5/il of a lOx buffer m.ix 
containing: l66mM NH^SO^, 670mM Tris pH 6.8, and 2m.g/m.l 

25 of acetylated BSA. PGR was carried out m a Perkin 

Elmer 480 DNA thermial cycler with the following 
paramieters: 94''G x 4 m.inutes for 1 cycle, 94'C x 30 
sec., 5 8 " G X 1 m. i n u t e and 7 2 ^ C x 1 m. i nu t e f c^ r 2 5 
c \-c 1 e s , f ell c^ wed b\' 7 2 ° G x 10 rri i nu t e s . S a m.p 1 e s we r e 
^ h e n iced and 2.5^1 of this reaction mi i x was used as 
t he t emp- late tor another 25 cycles with a new reaction 
miix containing the inner PSM primers. cDNA quality was 
verified by performing control reactions using prim.ers 
derived from the :o - 2 - m i c r og 1 obu 1 1 n gene sequence*'^ a 

~: 5 ubicruitous housekeeping gene. These primers spar, exons 

2-4 and aenerate a 620 bp PGR product. The sequences 
r r t h s - - t.-. r 1 mt e r s CxY o : 
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£-2 


(exon 2) 5'-AGC AGA GAA TGG 


AAA 


GTC AAA- 3 ' 






^ exon ^} D - 1 Cj I I (jA tCjT tcjCj 


ATA 


AGA GAA- 3 




The 


entire ?SA rr;ix and l-\Oul cf 


eacr 


. ?Sr< react 


1 c n 1 M 


were 


run on 1.5-2% agarose gels, 


s t a 1 








ide and photographed m an 


Eaae 


E'.' e 1 d *^ 




Sys t 


err, ( S t a t a gene , Torre\' Pine 


s , Z?- 


A s s a ' 


v's were 


repe 


ated at least twice to \^eri 


f. \' r e 


suits . 





Cloning and Sequencing of PGR Products. PCR nrcducts 
were cloned mtC' the pCR II plasmid vector using the TA 
evening systerri (Invitrogen; . These plasrr.ids were 



t ransicrmea into competent E. cell cells usma standarc 
methods'^ and plasmid DNA was isolated usma Magi;: 
M 1 n m r e o s P r om e ci a ) and screened t: \' r e s t r i c ^ ^ " 



15 analysis. Double - st randed TA. clones w^ere tnen 

sequenced by the dideoxy method^^ using ^^S-cCTP (NEN; 
and Seq^jenase (U.S. Biochemical: . Sequencing products 
were then analyzed on 6% polyacr i lamide / 7M urea gels, 
which w^ere fixed, dried, and autcradiograohed as 

2 0 described . 



Southern Analysis . PCR products were t rans f errec 
ethidium.- stained agarose gels to Nytran nylon memJ 



■1. d . . ^ i 



(Schletsher and Schuell! by 
Posi -blot ter ( Strat agene ) 

m.anuf acturer ' s instructions . 



:2:'essure blottinc v/it:: 
a ccordi ng - to t h 
DKA was cross -linked t 



o 



tne mem.brane using a LTV Stratalinker (5^^ 
B 1 o t s were o r e - h ''y'' b r i d i z e d at S ° o -p ■ 
subsequently h.yb ridized with denature 
1 a n c 3 IT; - n r 1 m e d ' ^ c DNA. o r c- n e s ■ e 1 1 h e r P 



bt rat agene , 
h c: u r s a : 



B' 1 o t s were washed t w^ i c t 



rane s v;e : 



CD ^ :r d _ ^ , 



- d w : 



d : . ^ d _ . 



w 1 1 



r a: 



: A.cersna: 



wo 
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Resul t6 

PSA and PSM Nested PGR Assays: The application c: 
nested PCR increased the level cf detection froT. an 
5 average of 1: 10,000 using outer prir^.ers alone, to 

better than 1:1,000,000. Dilution curves demonstrating 
this added sensitivity are sho'vsTi for PSA and PSM- PCR m 
Figures 1 and 2 respectively. Figure 1 shows that the 
4S6 bp product of the PSA outer primer set is clearl;/ 

10 detectable with ethidium staining to 1:10,000 

dilutions, whereas the PSA inner priiner 3 55 bp product 
is clearly detectable in all dilutions shown. In 
Figure 2 the PSM outer primer 647 bp product is also 
clearly detectable m dilutions zc^ only 1:10,000 with 

15 conventional PCR, in contrast to the PSM inner nested 

PCR 234 bp product which is detected in dilutions as 
low as 1:1,000,000. Southern blotting was performed on 
all controls and most of the patient samples in order 
to confirm specificity. Southern blots of the 

20 respective dilution curves confirmed the primer 

specificities but did not reveal any significantly 
increased sensitivity. 

PCR in Negative Controls: Nested PSA and PSM PCF: was 
25 performed on 40 samples from patients and volunteers as 

described in the methods and materials section. Figure 
4 8 reveals results from 4 representative i.egativc 
control specimens, m addition to a positive control. 
Each specimen in the study was also assayed 'with tne r>- 
3 0 2 - microglobul in control, as shown in the fiaure, m 

oraer to verify RKA mteqrity. Negative results w->-^ 
obtained on 39 of these samples using the PSA primers, 
however PSM nested PCR yielded 4 positive results. Twr. 
C'f these "false positives" represented patients v.'it:, 
15 elevated serum PSA values anc an enlarged prostate wni 

underwent a transrectal prostate biops\' reveal inc: 
stic;nia^ ana : ibr omuscu 1 i n yp- r 1 a s : a . In r : h :: 
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tr.ese paciencs tne ser^^rr. ?5A ^eve^ c 3 r. ^ i r.uec^ zz. rise 
and a r e i:) e a t: d r o s !i a !i e b i o s '/ r. e r f c r e o at a 1 a *^ e r d a ^ 
re\'ealed prosca::e cancer. One patient whc r^resented tc 
zr.e cl r ni c with a testicular cysz was n c t e d t c n a \' e a 
pcsitive ?SM nested ?CR result wnicn nas oeen ^nanle tc- 
e >: c 1 a 1 n . Un f c r t u n a t e 1 , this p a 1 1 e n t n e \^ e r returned 
fcr follow up, and thus nave net been able to cctam 
another blood sair.ple tc repeat this assay. Po^sitive 
result w^e r e obtained with both ? S A and ? S M n r i Tie r s i n 
a 61 year cud rriale patient with renal cell camnoT:a. 
^nis patient nas a ncrrria^ serurr, PSA revel and a norT.al 
digital rectal examination. Overall, if the two 
patients were excluded m whom a positive PGR, but no^ 
other clinical test, accurately p r e d r c t e d the n^ r e s e n c e 
of prostate cancer, 36/38 {94.7%i of the negative 
controls were negative with ?SM primers, and 3 9/' 4 0 
(97.5% ■ w^ere negative using PSA p^rimers. 

Patient Samples: In a "blinded" fashion, in which the 
laboratory staff were unaware of the nature O'f each 
specimen, 117 samples from^ 77 patients m.ixed random^ly 
v; 1 1 h 4 1 negative controls were assayed. T n e patient 
sam.ples represented a diverse and he t erogenec>us grouic 
as desci^ibed earlier. Several representative oat rent 
2 5 sam;ples are displayed m Figure 49, cor respcndi ng to 

positive results from, patients with both localized and 
dissem:ina t ed disease. Patients 4 and 5, both with 
stage O o; r o s t a t ^ cancel' exhibit o o s 1 1 i \' e results v; 1 1 h 
nctn tne outer and inner prim.er pairs, indicating a 
- ^aro*_: ^.irculatmg zur.\zi ce^^ uurden, as comoared to the 

otner sam.ples . Althougn the PSM and PSA prim.ers 
- e 1 d e d s i m; 1 1 a r sensitivities in 0 N C a P d i 1 u i o c u e s 
as o r e i c: u s 1 ' s r. o v.* n , ? S o r i m, e r s *- ^ ^ 

11 w n e r e a s PSA p r i m.e r s o n 1 \' detected 9.1%. In o a 1 1 e n t s 

witn dccumented m;etastatic prostate cancer 'staaes 0^ - 
1- 3 r e c e 1 'v' 1 n g a n 1 1 - a n o r o g e n t r e a t m, e n t , P S p r i m. e r s 



20 
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detected micrometastases in 16/24 (66.7%) , whereas PSA 
primers detected circulating cells m cnl\' 6/24 '2E% . 
In the study 6/7 patients with hormone - re f ra c t cr\' 
crostate cancer (stage ) were positive. In the 
5 study, PSA primers revealed micromet ast at ic cells m 

only 1/15 (6.7%) patients with either pT3 or pT4 
(locally-advanced) prostate cancer following radical 
p rostatectom^y . PS.M prim.ers detected circulating cells 
m 9/15 (60%) of these patients. Interestingly, 
10 circulating cells 13/18 (72.2%) patients with pT2 

(organ-confined) prostate cancer following radical 
p^rostat ectomy using PSM primers was detected. None of 
these patient samples were positive by PSA-PCR. 



15 Improved and more sensitive method for the detection of 

mdnimal, occult micrometast ic disease have been 
reported for a number of malignancies by use of 
immunohistochemical methods (14), as well as the 
polymerase chain reaction (3, 4, 5) . The application 

2 0 of PGR to detect occult hematogenous micrometastases in 
P'rostate cancer was first described by Moreno, et al . 
(2) using conventional PGR with PSA-derived prirneis. 

When hum^an prostate tumors and prostate cancer cells 
25 m-vitro were studied by immunohistochemis t ry and m.RNA 

analysis, PSM appeared to be highly expressed in 
anaplastic cells, riormone - refractory cells, and hor.y 
metastases (22, 23, 24), m contrast to PSA. If cells 
capable of hematogenous m^i crom.et as t as i s represent the 
3C more aggressive and poor ly - di f f erent latea cells, zn^y 

may exprey^:. a hiqher level of PSM per cel^ as compared 
to PSA, enhancing their de tect ibi 1 i ty by RT-PGR. 

Kested RT-PGR assays are both sensitive and specific. 
35 Results have been reliably reproduced on repeated 

occasions. Long term testing of both cDKA and RNA 
s t: a rill i. \' is i' e s n r ] y u n d c r wa y . Both. h s s a \^ ^ ^^r^ 
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capable cf dececcmg one prostiatic cell ir. az least cr.e 
rpiillior- nor. 'Ci'Ds^iatiic cells of sit. i_an size. Tr~- 
confir-s the validity of the coTr.parison of PSX vs. ?SA 
prirr.ers . Sirr.ilar levels of PSM expression m botn 
1 nuT.an prostatic cancer cells m-vivo and LlCCaP cells 

in-\'itrc resulted. The specif icit\' of the PS^-'-PCTR 
assay was supported ky the finding that two^ "negative 
ccntrol" patients with positive PSM-PCR results were 
been subsequently found to have prostate cancer. This 

IC suggests an exciting potential application for this 

techniq~ue for use m cancer screening. In contrast to 
recentl;^^ published data (18), significant ability for 
PSA priiT.ers to accurately detect micrc'me t as t at i c cells 
in patients with pathologically with pat h clc^gi cal ly 

15 organ- conf med prostate cancer, despite the sensitivity 

of the assay failed to result. Rather a surprisingly 
high percentage of p.atients with localized p^rostate 
cancer that harbor occult circulating prostate cells 
fc'llowing "curative" radical pros t atectOTiy results 

20 which suggests that rr.icrometast as is is an early event 

m pro^ state cancer. 

The apt'lication of this powerful new^ modality to^ 
C'Coentially stage and/'or fo>llow the response to therapy 
25 m patients with prostate cancer certainly merits 

further investigation. In comparison to^ mc>lecular 
detection o-f occult tumo-r cells, present clinical 
miodalities for the detection of ores t ate carreer s oread 
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EXAMPLE 11: 

CHROMOSOMAL LOCALIZATION OF CQSMID CLONES 194 AND 6 83 
BY FLUORESCENCE IN- SITU HYBRIDIZATION: 

PSM was initially mapped as being located cn chromO'SC'me 
llpll.2-pl3 (Figtires 51-54; . Further mformaticn from 
t n e c DNA i n - s i t u hyb ridizations e xpe r i me n t s 
dem.onst rated as mrach hybridization on the q as p arm,s , 
Nt^ m ^arger tragm,ents cf genom.ic DNA was cntamed as 
cosm.ids and two of these cf about 60 kilobases each cne 
going 3' and the other 5' both demonstrated binding to 
cnr:mc'Some 11 p and c under low^ stringenc\m However 
under higher stringency conditicms only the binding at 
Ilql4-q21 remLamed. This result suggests that there is 
another gene on lip that is very similar to PSr< h-ecause 
it IS sc strongly binding to nearly 120 kilobases of 
genc-miic DNA (Figure 50) . 

Purified DNA from. cosmiid clc^nes 1?4 and 6E2 was 
i^h^elled with bio tin dUT? by nick translation. 
Lat'Clled probes were combined with sheared humian H'NA 
anc independently hybridized to normal m.etaphase 
chr I'm o somes derived from. PHA stimulated peripneral 
blC'Od lym>phocytes in a solution containing 50% 
fcrmLam.ide, 1C% dectran sulfate, and 2XSSC . Specific 
n\'f'ridi zat ion signals were detected by incubating the 
nv^h'i i di zed slides m fluoresem conjugated avidm, 

^ ^ ^ c V/ 1 r^* c 5 1 g n a -L e ^ * ^ o n cne s i u s w e i 

co"^n t e r s t a 1 ne d w:th propidium iodide and anal \^ zed. 
T hi ese first exoerim.ents resulted in the srecific 
labellma cf a croup C cnromosome on both the Icng ano- 
snoi't arms. This chrDmosom^ was i:>elievea tc re 

r n r c-ro s om.e 11 c n t he ba sis c f its size and m; o r p h c 1 o g\' . 
A. second set of e x o e r i m e n t s were d e r f c r m. e d in which a 
rhrom.oscmLe 11 centromere soecific crcoe was 
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cohybridized with the cosmid clones. These exper irr.enr s 
were carried out: in 6 0% formamide in an at: tempt: tc 
eliminate the cross reactive signal which was observed 
when low stringency hybridizations were done. These 
5 experiments resulted m the specific labelling of the 

centromere and the long arm of chromosome 11. 
Measurements of 10 specifically labelled chrom.osom.es 11 
dem.ons t rat ed that the cosm.id clones are located at a 
position which is 44% of the distance from. the 
10 centromere to the telomere of chromosome arm llq, an 

area that corresponds to band 14q. A total of 160 
m.etaphase cells were examined with 153 cells exhibiting 
specific labelling . 

15 Cloning of the 5' upstream and 3' downstream regions of 

the PSM genomic DNA. A bacteriophage PI library of 
human fibroblast genomic DNA (Genomic Systems, St. 
Louis, MI) was screened using the PGR method of Pierce 
et . al . Primer pairs located at either the 5' or 3' 

20 termini of PSM cDNA were used. Positive cosmid clones 

were digested with restriction enzymes and confirmed by 
Southern analysis using probes wnich were constructed 
from, either the 5' or 3' ends of PSM cDNA. Positive 
clone p683 contains the 5' region of PSM cDNA and about 

25 60 kb upstream region. Glone -194 contains the 3' 

term.mal cf the PSM cDNA and about 6 0 kb downstream^. 

EXAMPLE 12: 

3 0 PEPTIDASE ENZYMATIC ACTIVITY 

PSM is a type two membrane protein. Most type two 
miem.brane proteins are binding proteins, transport 
proteins c-r peptidases. PSM appears to have peptidase 
5 activity. When examining LNCaP cells with a substrate 

N-acetyl -aspartyl - ''"C-glutamic acid, NAAG, glutam.ic acid 
wa-- i^ledsed, r nus acting as a carbcxypep^ : da r-^ . I:. 
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^ne result is that seminal plasma is rich m its 
5 content of glutamic acid, and are able tc oesic:- 

mn mi tors to enhance the activitv cf the nc^ -c^--^^^^ 
normial substrate if its increased level will '^a^^^-- ^ 
biologic desired activity. Also biologic activitv oa- 
be measured to see how it correlates wit tne level of 

11 message. Tissue may be exam.med for activit\' dir^-^^\' 

rather than indirectly using m-situ analysis or 
immunohistochemical probes. Because there is another 
gene highly similar on the other arm. of chrom.osomie 11 
when isolated the expressed cloned genes can ce used to 

15 determine what are the substrate differences and use 

those substrates for identification of PSK related 
activity, say in circulating cells when looking for 
metastases . 

20 EXAMPLE 13 : 

lONOTROP ICGLUTAMATE RECEPTOR DISTRIBUTION IN PROSTATE 
TISSUE 

25 Introduction: 

Excitatory neurotransmission in the central nervous 
system ( CNS ) is mediated predominantly by glutamate 
receptors. Two t^^es of glutamate reoentors nave oeen 
identified m human Cl\S : merabotropio recectcrs, w::icr 
- " art::; coupj.ed tC) second - m.es senger Sj.'stem:s , and ^-->n ^-.-t- . 

receptors, which serve as ligand-gated icn channels. 
The presence of lonotroplc gluramiate receotors m h;.:ma:. 
prostate tissue was i n \^e s 1 1 a a t e d . 

^ 5 Me thods : 

Detection of glutam.ate receotor exrressio.^ w^^^ 
performed using anti-GluR2/3 and an^ — 
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xTimunohis t ochemical technique m paraffin - embedded 
human prostate tissues. PSK antigen is a 
neurocarboxypept idase that acts to release giutamtate . 
In the CNS glutamiate acts as a neurot ransm.i 1 1 er by 
5 acting on glutamLinergic ion channels and increases the 

flow of ions like calcium ions. One way the giutam;ate 
signal is transduced into cell activity is the 
activation of nitric oxide synthase, and nitric c^xide 
svTithase has recent ly been found to be present m human 

10 prostatic tissue. NO is a major signalling mechanism 

and is involved in control of cell growth and death, in 
response to inf lamm.at i on , in smooth muscle cell 
contraction, etc, . In the prostate much of the stroma 
is smooth muscle. It was discovered that the prostate 

15 is rich in glut aminergic receptors and have begun to 

define this relationship. Stromal abnormalities are 
the key feature of BPH . Stromal epithelial 

interactions are of importance in bothe BPH and CaP . 
The other glutaminergic receptors through G proteins to 

20 change the metabolism of the cell. 



Results : 

Anti-GluR2/3 immunoreac t i vi ty was unique to prostatic 
25 stroma and was absent in the prostatic epithelial 

comipartment - Strong anti-GluR4 im.m.unoreact ivi ty was 
observed m basal cells ol prostatic acini. 

Discussion : 

~- C The differential distribution of ionotropic glutamate 

ifectiptor subt'y-pes between the strom^al and epithelial 
compartments of the prostate has not been previously 
described. Prostate - speci f ic m.eml^rane antigen 

[PSyj\)h^s an analogous prostatic distribution, with 

35 expression restricted to the epithelial compartment. 

VSy. antigen is a neui oca r uoxypec-t i rha^ m'^*:^; r 
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release giutarr.ate fron^. KJkP/J 1, als^ a ccrential 
nerot rans-^it:-er . In the C'NS c::--an:at:e acts as 
r.eurct ransnr.itter by actmc cn gl ut aT, ir.e rg i c icr. 
channels and increases the flow of icns Irke calci^^:-. 
5 tons. One way the glutamate signal is transduced mtc 

cell activity is the activation of nitric cxide 
synthase, and nitric cxide synthase has recently been 
found to t'e present m human prostatic tissue. NO is 
a ma:} or signaling mechanism, and is involved in control 

i - CO cell grcwth and death, m response to mf lam.m.at ion , 

m smooth muscle cell contraction, etc, . in the 
prostate much of the stroma is smooth muscle. The 
prostate is rich in glutamiinergic receptors. Stromial 
abnormalities are the key feature of B?H. Strom.al 

15 ep-ithelial interactions are of im.piortance m both EPH 

and CaP. The other glutaminergi c receptors through G 
proteins to change the metabolism of the cell. 
Glutamiate can be produced in the cerebral cortex 
through the carboxypept idase activity of the prostate - 

20 specific memibrane antigen (PSMA) . In this location, 

PS^lA cleaves glutamiate fromi acetyl - aspartyl - glut am.ate . 
TaKen together, these observations suggest a function 
fcr PSMA m the hum^an prostate,- glutamate m.ay be an 
autocrine and/or paracrine signalling m.olecule, 

25 possibly mediating epithelial - stromal -interactions. 

lonotropic glutamiate receptors display a unique 
ccmpartment al distribution in the human prostate. 

The carbox\T^ept idase liKe activity and one substrate is 
-ho dipeptide K - ace t y 1 - a spar t y 1 glutamic aoic, NAAO 
whish IS one of the best substrates found to date to 
act as a neurot ransmO 1 1 er m the central ner'.'ius s\'ste" 
and Its aonorm.al function may be associated v;ith 
neurotoxic disorder su^-^h as epilepsy, 7iO£ , alzneio.ers 
3 5 etc. PSM carboxyp'ept idase m.a\' serve to crocess 

neuropeptide t ransm.i 1 1 ers m tne orostate. 

rJeuropept ide t r ansmii 1 1 e r s are associated with the 
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neuroendocr xne cells of the prostate and neuroendocrine 
cells and are thought to play a role m prostatic turricr 
progression. Interestingly PSM antigen's exp^ression is 
upregulated m cancer. Peptides known to act as 
5 prostatic growth factors such as TGF-a and bFGF, up 

regulate the expression of the antigen. TNF on the 
other hand downregulate PSM. TGF and FGF act thrcuqh 
the mitogen activated signaling pathway, while TNF acts 
through the stress activated protein kinase pathway. 
10 Thus modulation of PSM expression is useful for 

enhancing therapy . 

EXAMPLE 14; 

15 IDENTIFICATION OF A KEMBRA2TE - BOUND PTEROYLPOLYGAMMA- 

GLUTAMYL CARBOXYPEPTIDASE (FOLATE HYDROLASE) THAT IS 
EXPRESSED IN HUMAN PROSTATIC CARCINOMA 

PSM may have activities both as a folate hydrolase and 
20 a carboxyneuropept idase . For the cytotoxic drug 

methotrexate to be a tumor toxin it has to get into the 
cell and be polygammaglutamat ed which to oe active, 
because polyglut amated forms serve as the enzyme 
substrates and because polyglut amated forms or toxins 
25 are also retained by the cell. Folate hydrolase is a 

comtpeting reaction and deglut am^at es mte t hot rexat e which 

J. J. e i J. d i J, j_ ^ j_ v-x o e ^'oi^r^ !^ ^ \^ iiKix. ^i:^ -i_ -L . tr _i. :d : ; ca. u 

overexpose folate hydrolase activity are resistant to 
methotrexate. Prostate cancer has always been 

30 absolutely refractory to methotrexate therapy and this 

may explain why, since the prostate and prostate cancer 
has a lot of folate hydolase activity. However, based 
on this activity, prodrugs may be generated w\nich- 
would be activate at the site of the tumor such as N- 

35 phosphonoacetyl - 1 - aspartate -glutamate . PAL-glu is an 

inhibitor of the enzyme activity with NAAG as a 
substrate 
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Prostate specific u^.err.brane antigen was immune 

precipitated from the prostate cancer cell line LNCaP 
and demonstrated ir tc be rich m f elate hydclase 
activity, with gamimiaglutamated folate or polyglut am.ated 
m.e t not rexat e being much more potent inhibitors of the 
neurcpept idase activity than was q^ui sq^ualate , which was 
the most potent inhibitor reported up tc> this tim.e and 
consistent witn the notion that pclyglut amiat ed folates 
m.a\^ be the preferrec substrate. 

? e n t a - g amimia g 1 u t am.y 1 - f o 1 a t e is a v e r v o c t e n t i n h i oi t o^ r 
of activity (inhibition of the activity of the enzyme 
IS with 0 . 5um Ki . ) As pent a - gammag lut amy 1 - f ol at e m.ay 
also be a substr?--te and as folates have to be 
depolygammaglut amat 6_ d in order to be transported into 
the cell, this suggest that this enzyme m^ay also play 
a role in folate metabolism. Folate is necessary for 
ohe support of cell function and growth and thus this 
enzyme may serve to modulate folate access to the 
prostate and prostate tumor. The other area where PSM 
IS expressed is in tne small intestine. It turns out 
that a key enzyme of the small intestine that is 
involved in fola" e uptake acts as a gamma - 
ca rbcxypept idase i sequent ial ly prot ec lyt ical 1\' 
rem.oving the termo.nal gammaglut am^my 1 group from: 
folate. In the bone there is a high level c^f unusual 
gammaglutamat e modified proteins in which the gamma 
glutamyl group is further carboxylated to produce 
gam.m.acarboxyglut amia e , or GL.A . One sucn protein is 
OS t ecnect in . 

Using c a o i 1 1 a r e 1 e t r c o h C' r e s i s i s o t e r c \' 1 O' 1 '/ m.m, 3 - 
glutamate oar: cxyp : tidase (hydrolase/ activit\' was, 
investigated m me-- :. nane prepar a 1 1 o^ns from; ancrogen- 
sensitive humia:; pro: -itic carcinomLa cells (LKCaP, . Tne 
enzyme immunologically cross -reacts with a derivative 
of an ant 1 -pros tat e :'^ono clonal antibodv '.7E11-C5 that 
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recognizes prcstare specific membrane (PSM- antigen. 
The ?SM enzymie hydrolyzes gamma - gl ut am,yl linkages and 
IS an exopeptidase as it liberates progressivel\' 
glutamates from methotrexate t r luglut am.a t e (MTXGl'^j^'* 
and folate pent aglut am.at e (Pte Glu^'' with accum.ulat icn 
of MTX and Pte Glu respect ivel\v The semii - pur i f led 
memLbrane - bound enzy^^^ has a broad activit\' from. pK 2 tc^ 



10 and is m.axim.ally active at pH4 . 0 . Enz^^^atic activ 



was weakly inhibited by dithf othrei tcl (>:0.2 miK; but 
10 not by reduced glutathione, homocysteine, or p- 

hydroxymercuribenzoat e (0.05-0.5 mM) . By contrast to 
LNCaP cell memibranes, memibranes isolated from androgen- 
insensitive human prostate (TSU-Prl, Duke-145, PC-3) 
and estrogen - sens i t ive mammary adenocarcinomia (MCF-7) 
15 cells do not exhibit comparable hydrolase activity nc^r 

do they react with 7E11-C5. Thus, a folate hydrolase 
was identified in LNCap cells that exhibits 

exopeptidase activity and is strongly expressed by 
these cells . 

20 

P'ALA-Glutamate 3 was tested for efficacy cf the prodrug 
strategy by preparing N- acety laspartylglutamat e , NAAG 
1 (Figure 59) . NAAG was synthesized fromi commiercially 
available gamma -benzylaspart ate which was acetylated 

25 with acetic anhydride in pyridine to afford N-acetyl- 

gam.m.a-benzyl aspartate m nearly quantitative yield. 
ine latter was activateu as its t'entai luoi opneny i estei 
by treatment with pentaf luorophenyl tri f luoroacetate in 
pyridine at 0 deg . C for an hour. This activated ester 

30 constitutes the central piece in the preparation c^f 

com.pounds 1 and 4 (Figure SO] When S is reacted witn 
epsilon-benzyl -L-glutamate in the presence of HOAT ( 1 - 
hydroxy-7-azabenzotriazole) in THF-DKF, 

\ t et rahydrof uran , N,N- dime thy 1 formamiide ) at reflux fc;r 

35 an overnight period and after removal of the benzyl 

protecting groups by hydrogenoly s i s (H2, 30 psi, 10% 

r- n / V X . 1 
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identical ^r. all respecrs tc coT.rr.e r ci a 1 1 \' available 
NAAG 'Sigma ; . 

?ALA-Gluramate 3 and analog 5, was s\'nrhesized m a 
5 si.milar riianner with the addirion cc the mtrodu^ticn cf 

a protected phc^sphonc^ace t a t e moiety instead of a simple 
acetate. It is compatible with the function cf 
diet hyiphosphonoacet i c acid which allows tne removal cf 
the ethyl groups under relatively mtild ccnditions. 

Commercially available die tnylphcsphonoa ce t i c acid was 
treated with per f lucropheny 1 acetate m t-yridme at 0 
deg . C to room, tem^perature for an hour tz-^ afford the 
corresponding pent af luc rophenyl ester m nearly 

15 quantitative yield after short path column 

chromatography. This was then reacted with gammia- 
benzylaspartate and KOAT in tetrahydr of uran for half an 
hour at reflux temperature to give protected PALA 7 (N- 
phosphonoacetylaspartat e ) in 90% yield after flash 

2 0 column chrom.atography . The free acid was then 

activated as its pentaf luorophenyl ester S, tnen it was 
reacted w^ith delta -benz^^l -L-glutam.ate and HOAT in a 
mixture of THF-DMF (9:1, v/v) for 12 hours at reflux to 
give fully protected PALA-Glutamat e S m 66% yield 

2 5 after column chromiatography . Seq^aential remioval of the 

ethyl groups followed by the debenzy lat ion was 
accomplished for a one step deprctection cf both the 
benzyl and ethyl groups. Hence protected PALA- 

Glutam.ate was heated up tc reflux m neat 
3C t rimeth\'lcilylchlcride fcr an overnight period. Tne 

resulting bi st rime thy 1 s i lyiphosphonate ester IC was 
submitted without purification tc hydroaene 1 \'s i s 'H^ 3 1 
p s 1 , 1 0 % P d / C , e t r.y lacetate; . The desired m. ate rial 3^ 
was isolated after purification by reverse pnase column 

3 5 chromia t c^graphy and ion exchange resm. 



Analogs 4 and 5 were synthesized by preparation cf 
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phosphonogiurarTiare 14 frorr, tne alpha - carbox\'l - protect ed 
glut amat e . 

Commercial ly ava liable alpha - benz^'l -N-Boc-L - gl u t ama t e 
5 11 was treated at refluxmg THF with neat 

boranedimethylsul f ide complex to afford the 
corresponding alcohol m 9C% yield. This w-as 

transformed into bromide 12 by the usual procedure 
(Pphj, CBrJ . 

10 

The Michaelis-Arbuzov reaction using triethy Iphosphi te 
to give the corresponding diethy Iphosphonat e 13 w^hich 
would be deprotected at the nitrogen with 
t rif lucroacetic acid to give free am.ine 14. The latter 
15 would be condensed separately with either 

pent af luorophenylesters 6 or 8 to give 16 and 15 
respectively, under conditions similar to those 
described for 3 . 15 and 16 would be deprotected in the 
same manner as tor 3 to yield desired analogs 4 and 5 . 

20 

An inhibitor of the metabolismi of purines and 
pyrimidine like DON ( 6 -diazo- 5 - oxo nor leu cine) or its 
aspartate-like 11, and glut am^ate - 1 ike 18 analogs would 
be added to the series of substrates . 

25 

Analog 2 0 is trans formied into compound 17 by treatm^ent 
with oxalyl chloride followed by d i a zomer hane and 
deprotection under known conditions to afford the 
desired analogs. In addition, azotomycm is active only 
after m vivo conversion to DON^ whicn wi_l^ oe releasee 
afr<=^r action of PSM on analoqs 11, 16, ana 1!::^. 

In addition, most if not all chemotherapies rely on one 
hypothesis; fast growing cells possess a far higner 
3 5 appetite for nutrients than normial cells. Hence, they 

uptake most of the chem.ot herapeu 1 1 c drugs m their 
p r c X 1 m. 1 1 y . This is why one m.c t h e z" a p-^ y is associated wit h. 
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serious s e c c n d a r effects ' we a k e r. m cr c f "he 
systerr., loss of hair, . . tnaz sometimes i^u 



oat lent's 



s ^ ^ ^ ^ 1 1 V e ana e 1 1 e c 1 1 \^ e 



g tnat cures wnere it snou^a withcut dam.agmg wnat 
snouidn't damage is em.bodied ir. representative 
jctures 21 and 22. 



Representative compounds, 21 and 22, were designed 
based on some of the specific effects and properties of 
PSK, and the unique features of sonrie newly discovered 
cytotoxic molecules with now kno^wn mode if action. The 
latter, referred to commonly as enediynes, like 
dynem.ycin A 23 and cr its active analogs. Tne recent 
isolation of new^ natural products like Dynemyrin A 23, 
has generated a tremendous and rapidly growing interest 
in the medical and cherr.ical sciences. They have 
displayed cytotoxicities to miany cancer cell lines at 
the sub-nanomolar level. One problem is they are very 
toxic, unstable, and non-selective. Although they have 
been demonstrated, in vitro, to exert their activit\' 
through DNA damage hy a radical m.echanism. as described 
below, their high level of toxicity m.ight impl\' that 
they should be able to eq^ually damage anything m their 
patn, from proteins to enz\mies, . . .etc. 

These molecules possess unusual structural features 
that provide them with excep^tional reactivities. 
DynemLycin A 23 is relatively stable until the 
an t hraqui none m^oiety is bier educed into 

hydroanthraqumone 24 . This triggirs a chain cf e\'ent^ 
by which a di radical species 2 5 is generated as a 
result of a Bergm^an c\'c 1 oar om.at i zat ion . li radical 
sp^ecies 2 5 is the ultim^ate damiagmg edge of dynem.vci:. 
A. It suntracts 2 (two; protons from any neighnoring 
m.C)lecule or miolecules ( le . DNA. producing radicals 
therein. These radicals m turn combine with moTecular 
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case of DNA, lead to single and double strand mcisicn, 
and consequent cell death. Another interesting feature 
was provided by the extensive work of rrian\' organic 
chemists who not only achieved the total synthesis of 
{ + ) - dynemycin A 23 and other enediynes . but also 
designed and efficiently prepared simpler \'et as active 
analogs like 26. 



Enediyne 26 is also triggerable and acts by virtue of 
10 the same mechanism as for 23 . This aspect is very 

relevant to the present proposed study in that 27 ( a 
very close analog of 26) is connected to NAAG such that 
the NAAG-27 molecule, 21, would be inert anywhere in 
the body (blood, organs, normal prostate cells, 
15 ...etc.) except in the vicinity of prostate cancer, and 

metastatic cells. In this connection NAAG plays a 
multiple role : 

- Solubilization and transport: analogs of 26- 
20 type are hydrophobic and insoluble in aqueous media, 

but with a water soluble dipeptide that is indigenous 
to the body, substrate 21 should follow the ways by 
which NAAG is transported and stored in the body. 



25 - Recognition, guidance, and. selectivity: 

Homiologs of PSM are located m the small intestines and 
m tne bra m . 



In the latter, a compound like 27 when attached to a 
multiply charged dipeptide like NAAG, has no chance of 
cxoii^sing the blood brain barrier Tn the former case, 
PSM homolog concentration in the small intestines is 
very low com.pared to that of PSM m prostrate cancer 
cells. In addition, one could enhance the selectivity- 
cf delivery of the prodrug by local injection m the 
prostate. Another image cf this strategy could be 
f c: r m u 1 a t e d as f o 1 1 c^ w s . If p r o s r a ^. ^ a n c e r were a war 
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one needed a "srr.art borr.r 



a a rr. a g e w i n m t n e p e a c e i u ^ s u r r o u n :: m g s 
zone, then 21 would be Lhac "sTTiarr con'ib". 



t ne v;ar 
NAAG would 

De i-^is guidance systerr. , PSM would be the trigger, and 
2 7 wouli be the warhead. 



2 0 



z 6 and Its analogs are estaoiisnea active molecules 
that portray the activity- ot dynemycin A. Their 
syntheses are described in the literature. The total 
svtnthesis of optically active 27 has been described^. 
The s\T:tnetic sche-.e tnat for tne preparation of 25 is 
almcist the same as that of 27. However, they differ 
only at the position of the methoxy group which is meta 
t o the nit r oge n in the case o; f 28. This r e qu ires a n 
intermediate of t\X)e 29, and this is going zo be 
prepared by modification of the Myers' m.ethod. 
Compound 28 is perhaps the closest optically active 
analog that resemtbles very much 26, and since the 
activity of the latter is known and very high. 

Since NAAG is optically pure, its com.bination with 
racemic m.aterial som.etimes comiplicates purification of 
mterm.ediates . in addition, to- be able to modify the 
cc'm.ponents of this system; one at a time, cptically pure 
mtermtediates of the type 21 and 22 are . prepared . 27 
was prepared in 17 steps starting fro commercially 
available material. Another interesting feature of 27 
IS as dem;ons traces in a very close analog 26, it 
n> c^ s s e s s e s t wo ( 2 ) triggers as s h own by the arrows. 

The 0'X\'gen and the nitrcgen ran bc;' th engender tne 
e r p" m, a c \ ' c -i. o a r o m a 1 1 z a 1 1 c> n a n c n e n c e tne o e s i r e i 
damiaue. The si mole orctectio^n deorc t e ct i cn- 

s e 1 e c 1 1 \'e p o s 1 1 1 cn 1 ng of NAAG a t t he nit r oge n or at the 
cxy g en centers. PSM s h o^ u 1 d r e c C' g n i z e t h e KAAG o^ o r t i o n 
of 2 1 or 2 2, then it would r e mic v e the a 1 u t a m, i o acid 
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rroiety. This leaves 27 attached to N- acetylaspart ate . 

Intramolecular assisted xhydrolysis of systems like N- 
acetylaspartyie is well documented m the literature. 
5 The aminoacid portion should facilitate the hydrolysis 

cf such a linkage. In the event this would not work 
when NAAG is placed on the nitrogen, an alternative 
would be to attach NAAG to the oxygen giving rise to 
phenolic ester 22 which is per se labile and removable 
10 under milder conditions. PSM specific substrates can 

be designed that could activate pro-drugs at the site 
of prostatic tum.or cells to kill those cells. PSM 
specific substrates may be used in treatment of benign 
prostatic h\^erplasia . 
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EXAMPLE 15 : 

GENOMIC ORGANIZATION OF PSM EXON/INTRON JUNCTION 
SEQUENCES 

EXON 1 Intror: 1 

IF. strand 
CGGCTTCCT CTT CGG 

cggct tccLctLCcgg c aggggggcgcct: cgcggag . . . t at 1 1: 1 1: ca 

IR. strand . . . ataaaaagt CCCACCAAA 



Exon 2 Intron 2 

2F . strand 
AGATCAAGAAGTTCT 

acat caagaagt tct caagtaagtcca t act cgaag . . . 

2R. strand . - . caac^taa!lcATTAAA.^TG 



Exon 3 Intron 3 

3F. strand 
GAAGATGGAAATGAG 

gaagatggaaa tgag gt aaaat ataaat aaataaataa . . , 



ExC'M 4 Intron 4 

'a i" . s t r a n o 
AAGGAATGCCAGAGG 

aaaaaataccaaaaii taaaaacacagtacaaoaaa. . 
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5F . St rand 
CAGAGGAAATAAGGT 

cagaggaaat aaggt aggtaaaaattiatctctt tttt . . 



. . otat t trctAGGTTAAAAATG 



5R. strand ...cacttttga^'^w -hja j 



10 Excn 6 Intron 6 

6F. strand 
GTTACCCAGCAAATG 

gt tacccagcaatg gtgaatgatcaat cct tgaat . . . 
15 6R. strand . . . aaaaaaagtCTTATACGAATA 



Exon 7 Intron 7 

7F. strand 

2 0 ACAGAAGCTCCTAGA 

acagaagctcctaga gt aagt t tgt aagaaaccargg . . . 

7R, strand . • . aaacacaggttat cTTTTTACCCA 

25 Exon 8 Intron 6 

8F . strand 
AAACTTTTCTACACA 

aaactttt ctacaca gt t aagagac t at at aaat t t t a . . . 

3 0 BR. strand • - • . aaacgt aat caTTTTCAGTTCTA 

Exon 9 Intron 9 

9F . strand 
AGCAGTGGAACCAG 
35 aacaqt ggaaccag gt aaaggaa t cgt t t gc t agca . . . 

. . , tttctagatAGATATGTCATT 
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r. . s t r a n 



aaagaTCTSTCTATACAGTA.-. 



Exc: 



'T3AAAAAGGAAG: 
t. ■^raaaaacrcj'aacrc 



d . . . 



tixon 11 Intron 11 

Strand 



s?^5G t tagttggtaatt t get at aa tat a . . . 



15 Excn 13 Intron 12 

12R . strand 
GAGTGTAGTTTCCT 

gtagtttcct gaaaaat aagaaaagaat agat . . . 



Excn 14 Intron 13 

1 3R . strand 
AGGGCTTTTCAGCT 

agggc t t t t cage t acacaaa t t aaaagaaaaaaag . . . 



Excn 14 Intron 14 

14F. strand 

GG CAT GC ^CA'^'-:: 



^xcn ^ntro: 



tacacjaaadaat-^adcaaaaca 
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Exon 16 Intron 16 

IbF . strand 
CAGTGTATCATTTG 

cagtigtatcat t tig g t a t gt t ac c c 1 1 cc 1 1 1 1 1: caaat t . . . 
B . . . ttt cagATTCACTTTT: 

16R. strand ...aaagtc T.AAGT 3 A-A.^J^. 



10 Exon 17 Intron 17 

17F. strand 
TTTGACAAAAGCAA 

tt tgacaaaagcaa gtatgt t ctacatatatgtgcatat . . . 
15 17R. strand . . . aaagagtcGG^GTTA 



Exon 18 Intron 18 

18F. strand 
2 0 GGCCTTTTTATAGG 

ggcct tt t t atagg taaganaagaaaat atgact cot . . . 

18R. strand . . . aatagttgTGTAAACCC 



Exon 19 Intron 19 

1 i^r . strand 
GAATATTATATATA 

gaatattatatata gttatgtgagtgtttatatatgtgtc 



3C 



Notes : F 
R 



Forward strand 
Reverse strand 




149 

The claims defining the invention are as follows; 

1. An isolated nucleic acid encoding an alternatively spliced prostate- 
specific mennbrane (PSM') antigen. 

5 

2. An isolated nnammalian DNA of claim 1 . 

3. An isolated mammalian cDNA of claim 2. 

10 4. An isolated mammalian RNA derived from claim 1. 

5. An isolated nucleic acid molecule of at least 15 nucleotides capable of 
specifically hybridizing with a sequence encoding alternatively spliced prostate- 
specific membrane (PSM') antigen but not capable of specifically hybridizing 

15 with a sequence encoding prostate-specific membrane antigen. 

6. An isolated nucleic acid of at least 15 nucleotides capable of specifically 
hybridizing with a sequence encoding prostate-specific membrane antigen but 
not capable of specifically hybridizing with a sequence encoding alternatively 

20 spliced prostate-specific membrane (PSM') antigen. 

7. An isolated nucleic acid of claim 5 or 6 wherein the isolated nucleic acid 
is DNA. 

25 8. An isolated nucleic acid of claim 5 or 6 wherein the isolated nucleic acid 
IS RNA. 

9. An isolated nucleic acid of claim 5 or 6 wherein the isolated nucleic acid 
is labelled with a detectable marker. 

30 

10. An isolated nucleic acid of claim 9 wherein the detectable marker is a 
radioactive or a fluorescent label. 
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11. A method of detecting expression of an alternatively spliced prostate- 
specific membrane (PSM') antigen in a sample which comprises obtaining total 
mRNA from the sample and detecting the presence of mRNA encoding 
alternatively spliced prostate-specific membrane (PSM') antigen, thereby 
detecting expression of the alternatively spliced prostate-specific membrane 
(PSM') antigen in the sample. 

12. A method of detecting expression of an alternatively spliced prostate- 
specific membrane (PSM') antigen in a sample which compnses obtaining total 
mRNA from the sample, contacting the mRNA so obtained with a labeled 
nucleic acid of claim 5 under hybridizing conditions and detecting the presence 
of mRNA encoding alternatively spliced prostate-specific membrane (PSM') 
antigen, thereby detecting the expression of the alternatively spliced prostate- 
specific membrane (PSM') antigen in the sample. 

1 3. A method of detecting expression of prostate-specific membrane antigen 
in a sample which comprises obtaining total mRNA from the sample, contacting 
the mRNA so obtained with a labelled nucleic acid of claim 6 under hybridizing 
conditions and detecting the presence of mRNA encoding prostate-specific 
membrane antigen, thereby detecting expression of the prostate-specific 
membrane antigen in the sample. 

14. An isolated nucleic acid of claim 2 operatively linked to a promoter of 
RNA transcription. 

15. A vector which comprises the isolated nucleic acid of claim 1 

16. A host vector system for the production of a polypeptide having the 
biological activity of the alternatively spliced prostate-specific membrane (PSM') 
antigen which comprises the vector of claim 15 and a suitable host. 

17. A host vector system of claim 16. wherein the suitable host is a bacterial 
cell, insect cell, or mammalian cell 
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18. A method of producing a polypeptide having the biological activity of the 
alternatively spliced prostate-specific membrane (PSM') antigen which 
comprises growing the host cells of the host vector system of claim 17 under 
suitable conditions permitting production of the polypeptide and recovering the 

5 polypeptide so produced. 

19. A polypeptide encoded by the isolated nucleic acid of claim 1 . 

20. A method of detecting hematogenous micrometastatic tumor cells of a 
10 subject comprising obtaining a sample from a subject, obtaining total mRNA 

from the sample, PGR amplifying any mRNA encoding prostate-specific 
membrane antigen present in the sample, contacting such amplified mRNA with 
the labelled nucleic acid of claim 6 under hybridizing conditions and detecting 
the presence of mRNA encoding prostate-specific membrane antigen, thereby 
1 5 detecting hematogenous micrometastatic tumor cells of the subject. 

21. A method of detecting hematogenous micrometastatic tumor cells of a 
subject comprising obtaining a sample from a subject, obtaining total mRNA 
from the sample, PGR amplifying any mRNA encoding alternatively spliced 

20 prostate-specific membrane (PSM') antigen present in the sample, contacting 
such amplified mRNA with the labelled nucleic acid of claim 5 under hybridizing 
conditions and detecting the presence of mRNA encoding alternatively spliced 
prostate-specific membrane (PSM') antigen, thereby detecting hematogenous 
micrometastatic tumor cells of the subject. 

25 

22. A method of detecting hematogenous micrometastic tumor cells of a 
subject comprising obtaining a sample from the subject, obtaining mRNA from 
the sample, performing nested polymerase chain reaction (PGR) using as a 
primer the nucleic acid of claim 5, and verifying micrometastases by DNA 

30 sequencing and Southern analysis, thereby detecting hematogenous 
micrometastic tumor cells of the subject. 
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23. A method of detecting hematogenous micrometastic tumor cells of a 
subject comprising obtaining a sample from the subject, obtaining mRNA from 
the sample, performing nested polymerase chain reaction (PGR) using as a 
primer the nucleic acid of claim 6, and verifying micrometastases by DNA 

5 sequencing and Southern analysis, thereby detecting hematogenous 
micrometastic tumor cells in the subject. 

24. A method according to any one of claims 20 to 23 wherein the subject is 
administered hormones, epidermal growth factor, b-fibroblast growth factors, or 

10 tumor necrosis factor. 

25. A method of determining prostate cancer progression in a subject which 
comprises: a) obtaining a suitable prostate tissue sample; b) extracting RNA 
from the prostate tissue sample; c) performing a RNAse protection assay on the 

15 RNA, thereby forming a duplex RNA-RNA hybrid; d) detecting PSM and PSM' 
amounts in the tissue sample; e) calculating a PSM/PSM' tumour index, thereby 
determining prostate cancer progression in the subject. 

26. The method of claim 18, further comprising performing in-situ 
20 hybridization. 

27. A method according to any one of claims 11, 12, 13, 20, 21, 22, 23. or 
25 wherein the samiple is blood, bone marrow or lymph node. 

25 28. An isolated nucleic acid according to claim 1 substantially as 
hereinbefore described with reference to any one of examples 1 . 2 or 1 5. 

29. A method of detecting expression of an alternatively spliced prostate- 
specific membrane (PSM') antigen in a sample substantially as hereinbefore 
30 described with reference to any one of examples 3 to 14. 



DATED: 7 July 1999 

PHILLIPS ORMONDE & FITZPATRICK 
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FIGURE 12A FIGURE 12B 
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FIGURE 17A 
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FIGURE 19 
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FIGURE 22 
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FIGURE 23 
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FIGURE 24A 
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FIGURE 25A 
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Patient 


Stage 


FIGURE 30 
Treatment PSA 


PAP 


PSA-PCR 


PSM-P 


1 


T2NxMo 


None 


8.9 


0.7 






2 


T2NoMo 


RRP 7/93 


6.1 






+ 


3 


T2CNoMo 


PLND 5/93 


4.5 


0.1 




+ 


4 


T2BNoMo 


RRP 3/92 


NMA 


0.4 




+ 


5 


T3NxMo 


Proscar + 
Flutamide 


51 .3 


1 .0 


— 
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Recur T3 


1-125 1986 
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1 .4 
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0.3 
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0.1 
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1 . X - _____ * - 1 - 
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n 1 


0.3 
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1 .6 
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Proscar + 
Flutamide 


20.8 


0.5 
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0.1 
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FIGURE 31A 

10 20 30 40 50 6C 

1 I I I I 

1 AAGGGTGCTC CTTAGGCTGA ATGCTTGCAG ACAGGATGCT TCCTTACAGA TGGGCTGTGA 

TTCCCACGAG GAATCCGACT TACGAACGTC TGTCCTACGA ACCAATGTCT ACCCGACACT 

61 CTCGAGTGGA GTTTTATAAG GGTGCTCCTT AGGCTGAATG CTTGCAGACA GGATGCTTGG 

GAGCTCACCT CAAAATATTC CCACGAGGAA TCCGACTTAC GAACGTCTGT CCTACGAACC 

12 1 TTACAGATGG GCTGTGAGCT GGGTGCTTGT AAGAGGATGC TTGGGTGCTA AGTGAGCCAT 

AATGTCTACC CGACACTCGA CCCACGAACA TTCTCCTACG AACCCACGAT TCACTCGGTA 

18 1 TTGCAGTTGA CCCTATTCTT GGAACATTCA TTCCCCTCTA CCCCTGTTTC TGTTCCTGCC 

AACGTCAACT GGGATAAGAA CCTTGTAAGT AAGGGGAGAT GGGGACAAAG ACAAGGACGG 

24 1 AGCTAAGCCC ATTTTTCATT TTTCTTTTAA CTCCTTAGCG CTCCGCAAAA CTTAATCAAT 

TCGATTCGCG TAAAAAGTAA AAAGAAAATT GAGGAATCGC GAGGCGTTTT GAATTAGTTA 

301 TTCTTTAAAC CTCAGrTTTC TTATCTGTAA AAGGTAAATA ATAATACAGG GTGCAACAGA 

AAGAAATTTG GAGTCA^^AAG AATAGACATT TTCCATTTAT TATTATGTCC CACGTTGTCT 

t:^^'^'^^" GTGGTTTACA TAATCACCTG TTAGAGATTT TAAATTATTT CAGGATAAGT 

TTTTAGATCA CACCAAATGT ATTAGTCGAC AA.7CTCTAAA ATTTAATAAA GTCCTATTCA 

421 CATGATAATT AAATGAAATA ATGCACLA.TAA AGCACATAGT GTGGTGTCCT CCATATAGAA 

GTACTATTAA TTTACTTTAT TACGTGTATT TCGTGTATCA CACCACAGGA GGTATATCTT 

46 1 AATGCTCAGT ATArTGGTTA TTAACTACTT GTTGAAGGTT TATCTTCTCC ACTAAACTGT 

..ACGAGTCA TATAACCAAT AATTGATCA^ CAACTTCCAA ATAGAAGAGG TGATTTGACA 

^4 1 AuAGTTCCACA AGCCTTACA^. TATGTGACAG ATATTCATTC ATTGTCTGAA TTCTTCAAAT 

TTCAAGGTGT TCGGAATGTT ATACACTGTC TATAAGTAAG TAACAGACTT AAGAAGTTTA 

60 1 ACATCCTC^ CACCATAGCG TCTTATTAAT TGAATTATTA ATTGAATAAA TTCTATTGTT 

TGTAGGAGAA GTGGTATCGC AGAATAATTA ACTTAATAAT TAACTTATTr AAGATAACAA 

661 CAAAAATCAC TTTTATATTT AACTGAAATT TGCTTACTTA TAATCACATC TAACCTTCAA 

GTTTTTAGTG AAAATATAAA TTGACTTTAA ACXJAATGAAT ATTAGTGTAG ATTGGAAGTT 



72 1 AGAAAACACA TTAACCAACT GTACTOGGTA ATGTTACTCG GTGATCCCAC GTTTTACAAA 
TCTTTTGTGT AATTGGTTGA CATGACCCAT TACAATGACC CACTAGGGTG CAAAATGTTT 
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FIGURE 31B 

78 1 TGAGAAGATA TATTCTGGTA AGTTGAATAC TTAGCACCCA GGGGTAATCA GCTTGGACAG 
ACTCTTCTAT ATAAGACCAT TCAACTTATG AATCGTGGGT CCCCATTAGT CGAACCTGTC 

84 1 GACCAGGTCC AAAGACTGTT AAGAGTCTTC TGACTCCAAA CTCAGTGCTC CCTCCAGTGC 
CTGGTCCAGG TTTCTGACAA TTCTCAGAAG ACTGAGGTTT GAGTCACGAG GGAGGTCACG 

901 CACAAGCAAA CTCCATAAAG GTATCCTGTG CTGAATAGAG ACTGTAGAGT GGTACAAAG- 
GTGTTCGTTT GAGGTATTTC CATAGGACAC GACTTATCTC TGACATCTCA CCATGTTTCA 

961 AAGACAGACA TTATATTAAG TCTTAGCTTT GTGACTTCGA ATGACTTACC TAATCTAGCT 
TTCTGTCTGT AATATAATTC AGAATCGAAA CACTGAAGCT TACTGAATGG ATTAGATCGA 

1C2: AAAT-TTCAGT TTTACCATGT GTAAATCAGG AAGAGTAATA GAACAAACCT TGAAQGGTCC 
TTTAAAGTCA AAATGGTACA CATTTAGTCC TTCTCATTAT CTTGTTTGGA ACTTCCCAGG 

1081 CAATGGTGAT TAAATGAGGT GATGTACATA ACATGCATCA CTCATAATAA GTGCT-CTTTA 
GTTACCACTA ATTTACTCCA CTACATGTAT TGTACGTAGT GAGTATTATT CACGAGAAAT 

114 1 A_J.TATTAGTC ACTATTATTA GCCATCTCTG ATTAGATTTG ACAATAGGAA CATTAGGAAA 
TTATAATCAG TGATAATAAT CGGTAGAGAC TAATCTAAAC TGTTATCCTT GTAATCCT-TI 

12 01 GATATAGTAC ATTCAGGATT TTGTTAGAAA GAGATGAAGA AATTCCCTTC CTTCCTGCCC 
CTATATCATG TAAGTCCTAA AACAATCTTT CTCTACTTCT TTAAGGGAAG GAAGGACGGG 

12 61 TAGGTCATCT AGGAGTTGTC ATGGTTCATT GTTGACAAAT TAATTTTCCC AAATTTTTCA 
ATCCA^TAGA TCCTCAACAG TACCAAGTAA CAACTGTTTA ATTAAAAGGG TTTAAAAAGT 

1321 CT-TTGCTCAG AAAGTCTACA TCGAAGCACC CAAGACTGTA CAATCTAGTC CATCTTTTTC 
GAAACGAGTC TTTCAGATGT AGCTTCGTGG GTTCTGACAT GTTAGATCAG GTAGAAAAAG 

1381 CACTTAACTC ATACTGTGCT CTCCCTTTCT CAAAGCAAAC TGTTTCCTAT TCCTTGAATA 
GTGAATTGAG TATGACACGA GAGGGAAAGA GTTTCGTTTG ACAAACGATA AGGAACTTAT 

14 4 1 CACTCTGAGT TTTCTGCCTT TGCCTACTCA GCTGGCCCAT GGCCCCTAAT GTTTCTTCTC 
GTGAGACTCA AAAGACGGAA ACGGATGAGT CGACCGGCTA CCGCGGATTA CAAAGAAGAG 

1501 ATCTCCACTG GGT CAAA TCC TACCTGTACC TTATGGTTCT GTTAAAAGCA GTOCTTCCAT 
TAGAGCTGAC CCACTTTAGG ATGGACATGG AATACCAAGA CAATTTTCGT CACGAAGGTA 



1561 AAAGTACTCC TAGCAAATGC ACGGCCTCTC TCACCGATTA TAAGAACACA GTTTATTTTA 
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FIGURE 31C 

TTTCATGAGG ATCGTTTACG TGCCGGAGAG A3TGCCTAAT ATTCTTGTGT CAAATAAAA- 
162 1 TAAAGCATGT AGCTATTCTC TCCCTCGAAA TACGATTATT ATTATTAAGA ATTTATAG-A 

atttcgtaca tcgataagag agggagcttt atgctaataa taataattct taaatatcgt 
1681 gggatatalAt tttgtatgat gattcttctg gttaatccaa ccaagattga -ttttatatc^ 

CCCTATATTA AAACATACTA CTAAGAAGAC CAATTAGGTT GGTrCTAACT AAAATATAGA 

174 1 ATTACGTAAG ACAGTAGCCA GACATAGCCG GGATATGAAA ATAAAGTCTC TGCCTTCAAC 
TAATGCATTC TGTCATCGGT CTGTATCGGC CCTATACTTT TATTTCAGAG ACGGAAGT^G 

18 01 AAGTTCCAGT ATTCTTTTCT TTCCTCCCCT CCCCTCCCCT CCCTTCCCCT CCCCTTCCTT 
TTCAAGGTCA TAAGAAAAGA AAGGAGGGGA GGGGAGGGGA GGGAAGGGGA GGGGAAGGAA 

186 1 CCCTTTCCCTT TCCCTTCCTT TCTTTCTTGA GGGAGTCTCA CTCTGTCACC AGGCTCCAGT 
GGGAAAGGCA AGCGAAGGAA AGAAAGAACT CCCTCAGAGT GAGACAGTGG TCCGAGGTCA 

192 1 GCAGTGGCGC TATCTTGGCT GACTGCAACC TCCGCCTCCC CGGTTCAAGC GATT-— CCTG 
CGTCACCGCG ATAGAACCGA CTGACGTTGG AGGCGGAGGG GCCAAGTTCG CTAAGAGGAC 

198 1 CCTCAGCCTC CTGAGTAGCT GGGACTACAG GAGCCCGCCA CCACGCCCAG CTAATrrrrG 
GGAGTCGGAG GACTCATCGA CCCTGATGTC CTCGGGCGGT GGTGCGGGTC GATTAAAAAC 

204 1 TATTTTTAGT AGAGATGGGG TTTCACCATG TTGGCCAGGA TGGTCTCGAT TTCTCGA^^ 
ATAAAAATCA TCTCTACCCC AAAGTGGTAC AA.CCGGTCCT ACCAGAGCTA AAGAGCTGAA 

2 1Ci CGTGATCCGC CTGTCTGGGC CTCCCAAAGT GCTGGGATTA CAGGCGTGAG CCACCACGCC 
GCACTAGGCG GACAGACCCG GAGGGTTTCA CGACCCTAAT GTCCGCACTC GGTGGTGCGG 

2 161 CXWCTTTAAA AAATGGTTTT GTAATGTAAG TGGAGGATAA TACCCTACAT GTTTATTAAT 
GCCGAAATTT TTTACCAAAA CATTACATTC ACCTCCTATT ATGGGATGTA CAAATAATTA 

222 1 AACAATAATA TTCTTTAGGA AAAA GCGCGC GOTGGTGATT TACACTGATG ACAAGCATTC 
TTGTTATTAT AAGAAATCCT TTTTCCCGCG CCACCACTAA ATGTGACTAC TGTTCGTAAG 

2281 CCGACTATGG AAAAAAAGCG CAGCTTTTTC TGCTCTGCTT TTATTCAGTA GAGTATTGTA 
GGCTGATACC TTTTTTTCGC GTCGAAAAAG ACGAGACGAA AATAAGTCAT CTCATAACAT 

2 34 1 GAGATTGTAT AGAATTTCAC AGTTGAATAA AAGTTCCTCA TAATTATAGC AGTGGAGAGA 
CTCTAACATA TCTTAAAGTC TCAACTTATT TTCAAGGAGT ATTAATATCC TCACCTCTCT 
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FIGURE 31D 



24 01 GGAGAGTCTC TTTCTTCCTT TCATTTTTAT ATTTAAGCAA GAGCTGGACA T^"— ^AJ^GA 
CCTCTCAGA3 AAAGAAGGAA AGTAAAAATA TAAATTCGTT CTCGACCTGT AAAAGGT^T — 



2461 AA 



TTTTTAAGGC GCCTCTCAAA AGGGGCCGGA TTTCCTTCTC CTGGAGGCAC 



TTCAAAAAAA AAAAATTCCG CGGAGAGTTT TCCCCGGCCT AAAGGAAGAG GACCTCCGTC 

2 52 1 ATGTTGCCTC TCTCTCTCGC TCGCATTGGT TCAGTGCACT CTAGAAACAC TGCTTGTGGTG 
TACAACGGAG AGAGAGAGCG AGCCTAACCA AGTCACGTGA GATCTTTGTG ACGACACCAC 

^^^^^ ^^^.^^^ ACCCCAGGTC TGGAGCGAAT TCCAGCCTGC AGGGCTGATA AGCGAGGCA^ 
CTCTTTGACC TGGGGTCCAG ACCTCGCTTA AGGTCGGACG TCCCGACTAT TCGCTCCGTA 

2 64 1 TAGTGAGATT GAGAGAGACT TTACCCCGCC GTGGTGGTTG GAGGGCGCGC AGTAGAGCAG 
ATCACT'wiAA C^CTCTCTGA AATGGGGCGG CACCACCAAC CTTCCCGCGCO TChTCTCGTC 

Z~Zl CAGCACAGGC GCGGGTCCCG GGAOGCCGGZ TCTGCTCGCG CCGAGATGTG GAATCTCG-^ 
GZCCTGTCCC CGCCCAGGGC CCTCCGGCCG A3ACGAGCGC GGCTC7ACAC CTTAGAGGAA 

2 '6 1 CACGAAACCG AC^CGGCTGT GGCCACCGCG CGCCGCCCGC GCTQGCTGTG CGCTGGGGCG 
GTGCTTTGGC TGAGCCGAGA CCGGTGGCGC GCGGCGGGCG CGACCGACkC GGGACCCCGC 

2 = 2 1 CTGGTG~GG CGGGTGGCTT CTTTCTCCTC GGCTTCCTCT TCGGTAGGGG GGCGCCTCGC 
GACCACGACC GCCCACCGAA GAAAGAGGAG CCGAAGGAGA AGCCATCCCC CGGCGGAGCG 

266 : GGAGCAAACC TCGGAGTCTT CCCCGTOGTG CCGCGGTGCT GGGACTCGCG GGTCAGCTGC 
CCTCGTTTGG AGCCTCAGAA GGGGCACCAC GGCGCCACGA CCCTGAGCGC CCAGTCGACG 

294 1 CGAGTGGGAT CCTGTTGCTG GTCTTCCCCA GGGGCGGCGA TTAGGGTCGG GGTAATGTGG 
GCTCACCCTA GGACAACGAG CAGAAGGGGT CCCCGCCGCT AATCCCAGCC CCATTACACC 



3001 GGTGAGCACC CCTCGAG 
CCACTCGTGG GGAGCTC 
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FIGURE 32 

Potential binding sites cn tne ^5M promoter* 

S'^^ Seq •'Location Unt matched 

AP1 TKAGTCA 1 145 7/7 

E2-RS ACCNNNNNNGGT 1940 12/12 

'S51 12/12 

GH- NNNTA^TNNN 580 V./ii 

753 1 1/1 1 

• w W t t / t I 

1882 1 1/1 1 

1930 11/1 1 

1979 1 1/1 1 

20C1 11/11 

2334 1 1/1 1 

2374 11/11 

2591 1 1/'": 

2520 1 



1 .' -* 



2685 11/11 

Jv'Crepea: G33N'33^R "zi s/S 

'■'■'i e/8 

1 180 8/8 

1 185 8/8 

119: 8/8 

NFk5 3GGRH'~^'^HC 96' in/in 

uteroglob^ P^WSC-TG 250 6/S 

9r ■ 8/S 

1104 8/8 

!FN AA;VAANGAAAGGR59C 13/13 Ceii 4 1 509 ( 1 985) 

* the PSM promoter sequence 683XFRVS (Fig 1) starts from the 5' end of tne 
promoter fragment The 3' region ovenapps the previously published PSM cONA at 
nt#2485.i e the putatative transcription start site is at nt#24B5 on sequence 
683XFRVS "The number refered to in this table is in reference to sequence 
683XF107 which is the complement and inverse of 683XFRVS 
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FIGURE 39 

10 2c 30 40 50 e: 

I i 

. TTTGCAGACT TGACCAACTT TCTAAGAAAA GCAGAACCAC ACAGGCAAGC TCAGA^----- 
AAACGTCTGA ACTGGTTGAA AGATTCTTTT CGTC-TTGGTG TGTCCGTTCG AGTCTGAGAA 

6 1 TTATTAAATT CCAGTTTTGA CTTTGCCACT TCTTAGTGGC CTTGAACAAG -^AC-GAGTC 
AATAATTTAA GGTCAAAACT GAAACGGTGA AGAATCACCG GAACTTGTTC AATGGCTCAG 

12 1 CTCTCAGCGT TAGTTACCCT ATTTTAATGA TGAGGATAAT ATTATCTGCC CAAATTATTG 
GAGAGTCGCA ATCAA.TGGGA TAAAATTACT ACTGCTATTA TAATAGAGGG GTTTAATAAC 

le: GTATAGTAAA TATATAGGAT GTAAATCTCC TAGCAGAGTA CTGGGATTTC GCCACTTTAT 
GATATGA... ATATATGGTA CATTTAGAGG ATCGTCTCAT GACGCTAAAG CGGTGAAATA 

24 1 TTCTTCTTTA CGAAGATACT CCTATTCGAG TTAATAGACA GGACTAGTCr AAGGTA^GA" 
A--..AAGAAAT GGTTGTATGA GSATAAGGTG AAT7ATGTGT GGTGATCAGA rTGGATAGTG 

'Zt^^'lt"^^ AGTGC^CCTG GGAATCTGAG CCGGGATTAG AGTAGGGCAT GGACCAGATG 
G.CCATCAGG TGAGGAGGAG AGACTG G3GGCTAATG TGA7GCCGTA COTGGTCTA: 

3 61 GGTTTAAACA aattgaatat gttggactag c-ttcagcttg GGGTTGTAAA AGTrrriGAA 
--AAATTTGT TTAA.GrTATA GAAGGTGATG GAAGTGGAAG GCCAAGATTT TGAAAAAG-TT 

AATCTTGATC TGTTAAAAGG ATTTTATGGT TGC7GGTATC 
--.--^.GAC ACGACTATTG TTAGAAGTAC AGAATTTTGG TAAAATAAGA AGGAGGATAG 

<S: rrGACTGTGA TCC; 



^ ^/^l^l yfxxT^S^^ GTGGCTGACA CAGAAGAGTT CTTTATNWn; 



^^-Ao . :^AGAGT AG33AACATA AGGCAGGAGT CACCGACTGT GTCTTCTCAA 



CATCGT3rTC ATTTTGCA^A TCTGAGTTGA AGGATCTGGT CCTGAGTGTG 

N.^.^.^NSNNNN GTAG3ACAAG TA.^.AAAGTC^ AGAGTCAAGT TCGTAGAGGA GGAGTGACAG 

601 GTGTTN-^CTG ATCGGTCACT GTAATCCAAG TCTTTCTGTT TTATGCAGAG GTrOGAATCr- 

GAGAAXNGAG TAGGGAGTGA GATTAGGTTC AGAAAGACAA AATAGGTGTC CAAGCTTAGA 

66 1 TATTTGCGTT TGGGKNGGAA TGNAATNGTA TTTAATATGC ATGTATATAT GTATG-G-A^ 

ATAAAGGCAA A^CGCm^GGTZ AGKTTANCAT AAATTATACG TAGATATATA CATAGAGGTA 



72 1 TTGTATGCTA NGGGATTAAG AAGTAGAATA ATTAATAATT GGAAGTCTAG AAGTGG 
AACATAGGAT NGGGTAATTG TTGATGTTAT TAATTATTAA GGTTCAGATC TTCACG 
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10 2C 



^ TS:J±!±!;'^^^ ATCAAAAATA GGCATGAGAT AC.AGCCTAT A3ATA33A— ~A -i- 

ACTTTTTATG TAGTTrTTAT CCGTACTCTA TGCTC3GATA TCTATCC^GA k^KkAA^SjA 

I^n^n^I^; TGTATTATTT GTAAAACACA AATTATCAAT ATTACCTCTG ACA-^rA-TG 
ATAACAACAT ACATAATAAA CATTTTGTGT TTAATAGTTA TAATGGA3AC TGTAATCcI? 

t?t1!^T^^^ AATTTTAArr TCTCTTGCCT ACT-TTCACTG AAAAAGA^-- A'-'-AA 

TCTATAAGAC TTAAAATTAA AGAGAACGGA TGAAAGTGAC TT^Cz'zkz zkcG^GTC 

16 1 ATTTTTAAGT TGCAAACCAA TTGCAAAA.TA T-rTTTTTATC CAA.~rrci-- i — 

TAAAAATTCA ACGTTTGGrT AACGTTTTAT AAAAAAATAG GT-TGAACT^A j^^TCCAT^; 

24 1 GCTGTTAATT CTAAGATATG CAT^AATTGT TTCAACTAAT GG^TG-C^AA CGAGA-G— - 
C.ACAATTAuK GATTCTATAC GTAATTAACA AAGTTGAriA CCCACAGTTT GciV^kzkkz 

T'^^:^-^ GGCAAAAAG-G AGATCCACCT TCTATTTTCA TAAAG— A ^ 

Au__ACTT CCGTTTTTCC TCTAGGTGGA ACATGAAAGT AmCAA-iGA TAGAAGGA3A 

36 1 ^^^^ACTCAA ATAAGCATTT AATACATTTT ATAACGAATT A.^, A T Ai. T A-i-^-'AJkA 
CGACTGAG^i TA.7C;.-_i_- ..A7CTA_-^. TATTGCTTAA TTAJ-.TArT?' 



"^"^^ • ATTTCCAAGT GTTGAA3GAA ATTCAGArTT CTAATTTGr" 

ATTTATTTAA TAAAGGTTCA CAArTTCrTT TAAGTCTGAA C.T-^ok S^^cAc? 

^ei AACTAAAACA AATGCTC-7GT GAGAGrTTG.-- g-^~--AG--'- ' .-...^ 

. . , . ^ j.G^ ..Av.GA^A^A CTCTCAAA.rs CAJUkGGTCAC "rrtATCGCAr TCTTTAGG'^^ 

541 GTCAGACAGC TACATGAAAT TACAT"T-7r AZ-rTCTCTGC CAriCACCA' "S^A-GA 

CAGTuiGTCG ATGTACTTTG ATGTAAAiGG TCGAGAGACG GTCTGTGGTC ACGTGCTATC 



b:- CGCAGAACAT GTAGCTAGAT CTCAGTCATA GCTNS-NmTNN NS'K^'NKK^'^^; A3A-'-^'-CA 

GCGTCTTGTA CATCGATCTA GAGTCAGTAT CGANNNKKNH NKS-^kSn T^GG^AcGT 

?II??SITTT ^^551^^^ AGATAAGGCA AGATTCCAGG GTTTATTTAG AGAAATTACA 

CAACCGAAAA TTGGACTTCC TCTATTCCGT TCTAAGGTCC CAAATAAATC TCTrTAATGr 

™rS^^^^^ ATAAAGTAGT TACAAAATTA GTCCCCAACC AGCTT-TCATG GAG-rTTCAA 

CCTAGACCCT TATTTCATCA ATGTTTTAAT CAGGGGriGG TCGAAAGi;? C^C^G^ 
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FIGURE 40B 



781 TTATTAATTA TTCTAGTTCT Z .KAZCGCf..ZG CATACAATGC ACATACATAT /^~A"A-G~A- 

AATAA^.AAT AAGATCAASA ATTAGCGTAC GTATGriACG TGTATGTATA TATGTACGTA 

&4 1 ATTAAAATAC ATGATTGGAC GCAAACGGAA ATAAGArTCC ACC-TGTGCAT AAAA'-AGA.J^ 

TAATTTTATG TACTAACCTG CGTTTGCCTT TATTCTAAGG TGGACACGTA TTZrCTCTZZ 

? - - GACrrGGTTA GAGTGAGGGA TCA3GAAACA CCACACTGAG GACGAGATGK N'^NVK^W^KN 

CTGAACCAAT CTCAr.CCCT AG7CCTTTGT GGTGTGACTC CTGCTCTACN NKNNNNNNNK 

961 NTAGTGGGTG GGGGGCGGAC ATCAA.TAAAG AACTCTTCTG " G'-'AG ''CAC TGAG'AC""^ 

NA.GACCCAC CCrCCGCCTG TACTTA7TTC TTGAGAAGAC AGAGTCGGTG ACTCGTGCCT 



^y^-^-^GGGAT GAGAGTGAGG CCf-J-JiZACCk GAAGAATAAA AZC^TTZZZ?-. 



;agatgaaga 



ICS 1 T 



..--.A.GAo CACAGTGTGT G . S . . CAAAA ATCTTTTAAC AACCCCAAGG TGAAGC-AG' 

AACAATA-.r G.GTCACACA CCNAAGTTTT TAGAAAATTG TTGGGGrTCC ACTTCGATC; 

114 1 TGGAAGATAT TTGAArTTGT TTAAACCCAT CTGGTCCTAG CCCTATTCTT TGAATCCGAJ 

A.rTTCTATA AAGTTAAACA AA.TTTGGGTA GACCAGGATC GGGATAAGAA AGTTAGGC^ 



J /\ ^ o , 



--^'^-■-^ GA.- . ^- .-ACTA CCTCTGATAC CTTASACTAG TCCTGTGTA: 

CTCCAG..CT TA^GGCrCGT CTCACCTGAT GGACACTATG GAATCTGATC AGGACACA-^; 

126: TCAAGTCCAA. TGAGAGTATC TGTAAGAGAJk TAAGTGCGAA ATCCAGATCT 

AGTTCAGGTT ACTCTCATAG AGATTCTCTT ATTCACGCTT TAGGTCTAGA 
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FIGURE 41 

2C 3C 4C 5: 6C 

: GGATTCTGTT GAGCCCTAGC TCATTATGAT GTCCTGTTGT CCTACCCAAA. TAJkGACTCAT 
CAAGACi^A CTCGGGATCG AGTAATACTA CAGGACAACA GGATGGGTT7 ATTGTGAGTA 

: CGCA-AGTACA TCTCAATAAT TAATGAAGAT GGAAATGAGG TAAAAAATAA ATAAATAAAT 
GGG.xGATGT AGAGTTATTA ATTACTTCTA CCTTTACTCC ATTTTTTATT TATTTATTTA 

12 : AAAAGAAACA TTCCCCCCCA TTTATTATTT TTTCAAATAC CTTCTATGAA ATAATGTTCT 
T...CTTTGT AAGGGGGGGT AAATAATAAA AAAGTTTATG GAlAGATACTT TATTACAAGA 

16 1 ATCCCT'GTCT A^TATTAAT AGAAATCAAT ATTATTGGAA CTGTGA-i.TAC CTTTAATATC 
TA3CGAGAGA TTTATAATTA TCTTTAGTTA TAATAACCTT GACACTTATG GkAATTkTkO 



24 1 rrATTATCCG G7GTCA.\?TA TTTTCrTATG ATGTTGAGTT ACTGGGTTTA GAAGTCGGGA 

A, . .-^.TAGGC CACA37TGAT GAAAGGATAC TACAACTCAA TGACCCAAAT C7TCAGCCCT 

3C: A^.TAA.TGCTG TAA^S'NTNhfKK AGTTAGTrTA CACACCAATA TCAAATATGA TATACTTGTA 

TTATTArZ-AG ArTTyKNKVK TCAu^TCAGAT GTGTGGTrAT AGTTTATACT ATATGAACAT 



^i: AACCTCCAAG CATAAAAAGA GATACTTTAT AAAAGAGGTT CTTTTTTTCT TTTTTTTT' 
""ATTTTTCT CTATCA^^^TA TTTTCTCCAA GAAAAA-AAGA AAAA^AAAA^ 



- . ^ ^ , 



•--2-"2*""^ ^--.-A^.CC .-..CASG^A,- GCN3AGTGCA GTGGTGCCAT GTCGGCTCAC 

a3-.2.acc-t caj^„i.3tgagg acagtcg3t2 czsczcazcr cacgacggta gagccgagtg 

•; = : T3:a.acc7c: acctcccatg z- :-^zzzaz tctgcttcct cagtctcctg a37agctggg 

acg-7g,-a^-g 73ga3gg7ac a„ag77cccta agaggaagoa gtcagaggac 7ca7cgaccc 

2'TAGAGG7C 7CCACCArrA CA:CGA3C7A A7TT77G7A7 7777A„A7AGA GACAGGG7TT 

--^--G7CCAC ACG7GG7C~T :TGGGTCGAT 7AA-AAA2A7A AAAATTA7CT C:TG7CCCAAA 

CGA7CGA7C7 7GGCCA3GG7 AG7C7CGA^C 7CC7GACCTC 7AGG7GA7CC ACCCGCTCAG 

3_.AG77A:A AGCGG7GGGA 7CAGACG773 A3GAr7GGAG A7CGAC7AGC 7GGGCGAG7C 



6c: CTCCCAAAG7 TG7AGAATTA CACGTG7GAG GCACTGCGCG T7GCGAGGAG ATACATTTTT 

GAGGGTTTCA ACATCT7AA7 GTGCAGAC7C CGTGACGCGG AAGGGTGCTC TA7GTAAAAA 

72 1 GA7AGGTTTA ATTTATAlAAG ACACTGCAGA GATTTGAGTT GCTGGGAAAT GCACGGATTC 

C7ATCCAAAT TAAATA7T7C TGTGACGTGT CTAAACTCAA CGACCCTTTA CGTXIiCCTAAG 



78 1 CAGTATGCA 
G7CATACGT 
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FIGURE 43A 

2 0 30 40 50 6C 

: TATGGGKAAZ TTTTCAGAGG AAAZ\AZZTk AGGGAAAAGT TATCTCTTTT TTZCZCTCCC 

ATACCCTTTC A.\AAGTCTCC TTTATTCCAT TCCCTTTTCA ATAGAGAAAA AAAGAGAGGG 

6 1 CCAATGTAAA AAGTTATAGT GGGTTTTACA TGTGTAGAAT CA7TTTCTTA AAA'-^'^^A^- 

GGTTACATTT TTCAA.TATCA CCCAA.AATGT ACACATCTTA GTAAAAGAAT TTTGAAATAC 

t^'^t^S.t'^t '^''^^^^^^'^^ TTrTGTGACA TGCCACCTTA CAGAGAGGAC ACATTTACTA 

i iATGGTAAT KAAAZKAZA. AAGACACTG7 ACGGTGGAAT GTCTCTCCTG TGTAAATGAT 

15 1 GGTTATATCC CGGCCTTAAA. -T-CGAGCATT GGAATTTGGC CAGTGTAGAT GTTTAGAGTG 

CCAATATAGG GCCCCAA.ii AAG-^iCGTAA CCTTAAACCG GTCACATCTA CAAATCTCAC 

241 A-^OAGAA.C^^- TTTTTCT-TG C-TT^:^^-"' ATO-I-GTGTGG C G7.- : G AA GCATGCACTG 

..oTC.G.T AAAAAGACAC G A;-. . : . : T TACCGACACC GCATGTTCTT CGTACGTGAC 

* 5X*''^TC.?T^;'' '^^■^■'^^ TATCTTTG7T ~~ -„AA7A7r7 7 r7ACAA.AAA 7GTT7AG7AA 

7CAAA7AA7A A77GAAAG7C A . A A^-^-^A C AA A^777A7AAA AGATGT7TTT ACAAlA7GA77 



A..AAA..G. AG7AT--.-.T C ~ ^ . i-_i„A . A ' ATG AG 3 Vi_:^„i.. CAT-TTACAGA 7AGCAAJk7r7 

7Au^..7A^ArA 7CA.ArTTAA. rA.-T--:7-7 7AG7CCG7T7 GTAAu6.7G7G7 A7CGrTTAAA 

A77777G7CT 77A37GGGAA AT7AAA77AA 

- "-----^-AGA AA7GACCC-77 7AAT77AA77 

rTV:/AAGGA-« AGC7GA7AGT C7o:TA7C77 A-ACGA;.A7CA GA7GAAGGAA 7AA7A7AAAC 

^ 1 7AGAG7C^AG AA7G7AA7C7 CAC7A7A77A 7A7AGA7C7C A.^'N77AAGG7 AGGACAA77C 

A7^,.CAGA7G r7AGG77A3A C-7:-":':-^7 A7C7G7AGAG 7NNGAT7GCA 7CCTG77AAG 

601 7GAGAAAG7A 77GCAGAG?t CG77A7:7:: 77 AG C G;i^^". G G S'7A7GG77CA GG7GGGA77G 

AGTCTTTGA7 iAAGGTCTGGA 3GA^,7Ar7CG A^A7GGG7TGG NA7AGGAAG7 GGACCGTAAG 

661 CAGGGTGACT TCTNGGTCm^' AA7GGAGC7C 7CTKTCAGAG ATGTGATCCA AGAGACACTC 

GTCCCAC-TGA AG ANGG AGK>.' 77AGG7GGAG AGANAGTG7G TACAC7AGGT TCTCTGTGAG 

72 1 ACAATTAu^.7G AACTAGCATT CTAAATTTCA ATTCCAGATC TATTACCTTA ATATGGTAGC 

TGTTAATTAG TTGATCGTAA GA7TTAAAGT TAAGGTCTAG ATAATGGAAT TATACCATCG 
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FIGURE 43B 



SI TGXAGC.TTN NTCA~3TCA ATTCTGATCA GATATATGAC AATTTTAAAT TATTTGCAG7 
ACTTCGAAA.N NAG7GACAGT TAAGACTAGT CTATATACTG TTAAAATTTA ATAAACGTCA 



&4: GTGTAAGAAA CGGTTCAGGT AGTTTAAATT TAuAGGCT 
CACATTCTTT GCGAAG7CCA TCAJ^TTTAA ATTCCGA 
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FIGURE 44A 

2Z 30 4C 5C 6: 

I ' 

C.CCTTTGGC CCC-ZCCkGC ZZZZCKTm TKACCZAGTT TACACAGTGT CTTTTTTTCr 

GAGGA^CCG GGGAGGG7CG ACCCGTAAAA ATTGGATCAA ATGTGTCACA G AA- AA;;-^^ G G 

TT^rTFTcCi CAGATTCGGT AATATCAATT TTTAATATTA CACTTAAATG 

AATAAAATTT AACCAACAAG GTCTAAGCCA TTATAGTTAA AAATTATAAT GTGAATTTAG 

agtacca-aa. CTTTATCTTC AACCTTTTTC TCATTAGGCC TACAACATAG GAGATCTCGG 

GAA^. .AGAJ^G TTGGAAAAAG AGTAA.TCCGG atgttgtatc ctgtagagcc 



le: ATAGAATTTC CTTTTCTTTT TGGTACTATA AGCTGCTAAA ATCCTCAGAA CATCAGATTT 

tatcttaaag gaaaagaaaa acgatgatat tcgacgattt taggagtctt gtagtctaaa 

24 1 AGAAATG7TC TTATTAGTCG TAGTGAGCAT TTGCTATTTC CTACCAGTAG CTTACAAATA 

TCTTTACAAG AATAATCArC ATCACTCGTA AACGATAAJ^G GATGGTGATG GAJkTGTTTAT 

taataagcaa gtagaccgca cag-ccaaat tcctatttgt tctagagtcg aaagggaatt 

A.xATTCGTT CATCTG-::T 3TCC3GTTTA AGGATAAACA AGATGTCAGC TTTGCCTTAA 

TT77AAAA7T 7AA7TTCCAC 7AAAGAGAA.^. AA7ATATTAA CAATCAAATT GACAGTCGA7 

AA.AA77...AA A77AAA.337G A7TTGT7TT7 TTA7ATAArT GTTAG7TTAA CTGTCAGCTA 

- - 7r7AA77:-r7 A737 :T-.-77 G7TT7CCC7: ATTA77^A7A ACAATTCA7A r7ArAA777A 

77 : ^ A 7 A : A. 7 A 7 : : -^-J^JkC 3 7 a : 

- - A7TTA77AA_A CA-7TTr7G7A GA7:A7A7TT AA.AAGAAA.GA 7ACTGAAAGT TAATATAAAG 

-AuAATGA... G7AAA^A-.rA7 G7GG7A7AAA rTTTG7T7G7 A7GAC7rTGA ATTA7A777G 

~:A:7f-:~-' '"C7rrG7A:- CCCAGAGCCA 7AACCTG7AA. GGAGAGAAA.A A7TTG7TGTG 

CA^G.AC GAGAGACATC C3:737CGG7 ATTGGAGATT CGTGTCTTTT TAAACAAGAC 

-*A77CTAlAA CA77TA:A77 3GCGAlAATT7 CAA73GTGGA ATTTAAGGCC GGGATA7AlAC 

AA7GAGATrr G7A:a:::3A CCGGTTTAAG GT7ArGAGCT TAAATTGGGG GCCTA7ATTG 

"A37AAA7G 7GTCCTCTCT G7GAAG37GG GGATGTGACA GAATACAGAA GAATGAATGG 

_A7CA.77AC ACAGGAGAGA CAGTTCCA7G CG7AGAG7GT CTTATGTCT7 G7TAGTTACG 

"^2 1 TATTCA7AAA GTTTTAAGAA AATGATTCTA CACATGTAAA ACCCACTATA AGTTTTTACA 

ATAAG7ATTT CAAAATTGTT TTAGTAAGA7 GTGTACATTT TGGGTGATAT TGAAAAATGT 
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FIGURE 44B 



~ — J J ^ r^ 



AtA ^-C^CC*CT CT^ * T T'PT' C T A * . .-^AAAA * ' j vj A-A * G vj AA * A_AA GGAGAC . . .T^ 



% - C . J C AA . . A _ AlA **wwwA. _'ACs_ AA * * o A T^T^T CA. .^.CCC~. TCC 
. AGACCG TTAlA. 7GTTAA A^GGG . ^ . _ _ TT AA. CT AA-AuA 3T AC AGGGC A A3 3 
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FIGURE 45A 

2C 3C 4C 5C ^- 

1 GATGCTATTT GGGCAATTTC TTATTGACAG TTTTGAAATG TTAGGCTT^ A 

CTACGATAAA CCCCrTAAAG AATAACTCTC AAAACTTTAC AATCCGAAAA TAGAGGTAAA 

6 1 TTTAGTACrr AAATTTTCCA ACATGGGTGT TGCTTGTTAT TTTATCAGTA ~AAAA-A-i> 
AAATCATGAA TTTAAAAGGT TGTACCCACA ACGAACAATA A/J^.TAGTCAT ATTTTATCT- 

12 1 GAGTGGTTCT GTTCTGGAAT TTAGTATATA CATGAGTATC TAGTGTATG~ CA-^-A-GA^ 
CTCACCAAGA CAAGACCTTA AATCATATAT GTACTCATAG ATCACATACA GTCGGTACTT 

^'^^^^'^ TCAGATGTTT AACTTCAGGG AACCTAATTG AGTCATTGCT CCAGACA'^G 
-.A^x.GGAA AGT.-.ACAAA TTGAAGTCCC TTGGATTAAC TCAGTAACGA GGTCTGTAAC 

24 1 TTGCTTTGA-i. CCCACTATAT rS-.-ys-VNN CT CGGGCAAT:'- TTCAGTGTGG " \:-.-ZK-i. — 
^^^^^AAAw.. oGG.o^.A.^ -J^NNNNNN'-A GCCCGTTACr GAGTGACACC C7TCCTATGA 

ArrGCAGGrc tgtttctgga aggcagtgga :tcgtctgat gcaaj^ctttg gccaggga — 

.oA^GT.C33 ACAAAGATCT TCC3T3ACCT :-A33AGACTA C3TTTGAA.^C CGGTCCC-TC.^ 

3 61 GCTTGATAGC TCTTAAATA3 ATGCTGCACC AACACTCTCT TTCTTTTGTC TCTTTTTCT^ 
G G AA A T C 3 A 3 T - T~ '"^'""3-^";'^'", — ^ '"T^^^'-i'^i 

421 TATTCA^TAT TAGACTACAA GCATT::-:^- ^-^CA^^ - 'l-^'-r'- > - - ,^r^^. 

. Aa o^.r\.A A^ CT GATG** CGT3A3AT.3 -.3--. "^AG"^"^ r~AAiK~, " >-**,^,__ 

-33A3ACAT3 CTTT3rTA3T AA737GTACT CATATATCT" > — ^"A^G'" — 
^^.-j.^.oTA3 ^A^._-3A7CA ..A3AGA7GA 37A7A7AGAA. : 3 3 ATGCG A7CCCGG7CT 



54 1'- 
A 



A._3NKKKNN 3.^.^3GTAAAA CAAAA.A7AGA GA7AA3Ai3A A333GA.^3A3 GAA^G-AA-A 



601 7GAAACTTT7 ^ _ 

'^--.^IjAAAG A-3AAA3IAA TAACTTTGAA AGGGTCTAAJ^. C AA. 3 A C "AJ^. 7 T3GACCGTAA 

66 1 GGAACTGTTT CCTCTTCCCT GTGCTGCTTT CTCCCATTGC CATGTCCT^T 

CCTTGACAAA GGAGAAGGCA CACGACGAAA GAGGGTAACG GTACAGGAAA AAAAAAAAAA 

72 1 TTTTTTTTrr TGAGACAGTG TCACTCTGTT GCCCAGGCTG GAGTGCAATG GTGCAAT(rrr 

AAAAAAAAAA ACTCrGTCAC AGTGAGACAA CGGGTCCGAC CTCACGTTAC CACGTTAGAA 
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FIGURE 45B 



'S: GoCCACTGCA ACCCCGACTC CGZZTrrCKAG TGATTCTCTA CCTGCCTCAC CCTCrTGAGT 
CCGGTGAC3T TGGGGCTGAG GCCCAAGTTC ACTAAGAGAT GGACGGAGTC GGAGGACTCA 



/A O * .J 



JGATT ACAGGTGCCA CCACTATGCC GGCTGArrTT CTATTTTAGT AGAC 

TCGACGGTAA TGTCCACGGT GGTGA7ACGG CCGACTAAAA CATAAA-ATCA TCTGTACCCA 

9C: TIACA7GCAG ATCAGCTGTT CCGACTCTGA CCAG S?;>;nN"N KKNKNNN>fKN ATCAAAGTCA 

TACG7G TAGTCGACA-A GGCTGAGAC^ GGT CNN'NNN'N NNNN'NNNhfKN TAGTTTCAGT 



TAGGCTTAGA GT.A.ArrGT GT AATTTCCACA CAAGTGCAAC CTAGTGTAA7 



C"r._CACG A7CCGAA.C. r.-.7A^,ACA TTAA^GG7GT GTTCA CG 7"i ^a.'^a^a. 

3::t:.AA-A.^ TGTKS*N7A7G AA737C7CGA A7C77AG7AA CTA-A7AACAA. G7AG77AG: 

r^SAGTTTT^ A7AJ.NN.-.7Ar ~ACAGAGCT 7r-7A_A7CATT 7ATTATTGr7 CATCAA7C; 

'Cl T-.7AGA7G7A 7CCTAG7A7G 7AGCA 

A. .A*77A7A.7 AGGA7CA7A7 A7CG7 
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FIGURE 46A 



2C 3C 4 0 50 6C 

! i ' 

CAAAAAAA GATTATTAGC CACAAAAAAA CrTTOAAGTA ACGCATTAAA ATGTTAATGG 

"TTTT CTAATAATCG GTGTTTTTTT G3AACTTCAT TGCGTAATTT TACAATTACC 



61 ATTCACTTTA TTGAGCATCT GCTCATAATA CTTTAATGAG TGCAAAGTGC TTTGAA'-A--A 

TAAGTGAAAT AACTCGTAGA CGAGTATTAT GAAATTACTC ACGTTTCACG AAACTTA7AT 

12 1 ATACGTCATT TAAACCTTAC CATAATTCTG A3GAATTGCT ACCTCCACm CACAGATGGG 

TATGCAGTAA ATTTGGAATG GTATTAAGAC TCCTTA^ 

:S1 GCACAGGAGG CTTAGATAAT ATGCCCAAAG TCATGCTTCT AGTAAATGGA TATAATTAAG 

CGTGTCCTCC GAATCTATTG TACGGGTTTC AGTACGAAGA TCArTTACCT ATATTAATTC 

24 1 --TTCA.AAT7A TTGATAAGAA. TT7 3ATCTGC rrTArr.-CTA TCTAGTAGTA AA*' — "AJ^-JkA'' 

TAAGTTTAAT AACTATTCTT AAACTAGACG Z^^TZZ'Z\T A3ATCATCAT TTAGATTTTC 

301 CGCTTTCGAG AGCATGTGCT G 7T3 AT.- 0 A 1- TTTGATCTC^ AACTCTCTGA AAT-TrTCC-- 

GCGAAAGGTC TCGTAGACGA CAACTATCTC -AA~ACAGA TTGAGAGACT TT AAAAGGTA 

361 TCTTATTTGT CTCAGTGGTA TATAGTTATT rTTTAGTAGT TTCATACACC TA" .A.AGAAG 

AGA.ATAAAGA GAGTGACCAT ATATCAJ-.TAA AAAATGA7GA AA3TATGT0G ATGATTGTTC 

"^"^ tzt^^^^'^'^''' ^^^<^ATAGG ATTTCA7TTA SA^TOrrTAA. AGCTTCAGGT ATTTTAATTC 

TG.CCTGGTA O-.TTCTATGC TAAAG.AAAT GTTA:::A77 T OGAAGTGCA TAAAATTAAG 

451 '^^^'^^^'^ TCAGGCAGAC GAGCAG7ATA T:?:A7337C C37GGTTATG TTTCAGGAGG 

7^.7A.73.A AGTCCGTCTG GTGGTGA7A7 A3337ACCAG G3ACCAATAG AAAG7CG7C3 

Izitl^'^t^^ AGAA^^ACATG G7AA7G7T7A 7GA„i„A73G73 GGTTCT7G7A 37TTCAC7TC 

A3.GGC.C.. T^x...G7AC CATTACAA^7 ACTTTATIAC GCAAGAAGA7 CAlAAGTGAAG 

60 1 AAGATATC73 CCTTTAC7G7 A7TAAGA7GA 7G3A7TAACT 7A77CTTGAT ATGGGCATG7 

TATAGAG GGAAATGACA TAATTG7ACT AGCTAA7TGA A7AAGAAGTA TACGGGTACA 



66 1 AAAACAATAT ACTTTTACTA AACAGCTACA GAGAGACAAA TGTGTTTCCA GACXAACTTA 

TTTTGTTATA TGAAAATGAT TTGTCGATG7 GTCTCTGTTT ACACAAAGGT CTGTTTGAAT 

721 AGAGACTGAG TG TTC AAA CT GAATAATCTC GACCTTAATT GTAACTATAT TTTATGAAAT 

TCTCTGACTC ACAAGTTTGA CTTATTAGAG CTGGAA7TAA CATTGATATA AAATACTTTA 
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FIGURE 46B 



781 CCAGCTGTAA GGCAAAACAG ACTCTTGGCT ACACGGCATT TGTCTGi.iAA TGATA 
GGTCGACATT CCGTTTTGTC TGAGAACCGA TGTGCCGTAA ACAGACAATT AC. AT 



CCTTAACCGT CACTTAATAlA TGCTGAATAA TG . CA7TAAT C.3AGATG 

GGAATTGGCA GTGAATTATT ACGACTTATT ACAGTAATTA GACTCTACAA TCATA 

A . G — • -J A^.-. _ ,„ A Gw*\jA\jw* r^". vj C v„ 

TACCCTTAGT GACGACTCGA GAGCTTCGGG 
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FIGURE 48 
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FIGURE 49 
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FIGURE 51 
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FIGURE 57 

Prostate Specific Promoter: 
Cytosine Deaminase Chimera 
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FIGURE 58A 



5C 



£ : 



-CGCCTTAAA 



GTCCAGC TCTTGCTTAA A: 



G3TCG AGAACGAATT TATATTTTTA 



GAAAGGAAGA AAGAGACTCT CC.CTGTCrA 
CTTTCCTTCT TTCTCTGAGA GC A A^-^. - ^ . 



CT 



TCGTATAAT TATGAGGAAC TTTTATTCAA 



"ACTCCTTG AAAATAAGTT 



.21 CTG7GAA.ATT C7ATACAATC TCTACAATAC 

GAGAC7TrA.:^ GATATGTTAG AC-^.o../^TG A..^ 



7CTACTGAAT AAAAGCAGAG CAGAAJkAAGC 
^GTTA TTTTCGTC7C GTCTT7TTCG 



A.nGGTATCAG CCCTTACGr^ Cr^^-- 1 A._- . ^ r. 



TCAC ATTTAGTGG7 GGCGCGGGAA. 



, , . — i^iTAA ACATGTAv-'o. 

^■^"C, ^^T.-^-. 77 ATT 7G7ACATCCC A7.AA.7A3GA 



A**AiCC7C CAw77ACA7T 

t:-a^\tg7AA. 



2 C _ .-^ — .----o^ L. ^» 



\GC CGGGC^-.Goi. '^ '^'^^j^^^'^Z^ 

:ZZ GCCCGCACGA ::3AGTGCGG 



T37.AA7GCCA ^CACTTTGGG 
ACAT7AGGG7 CG7GAA-n CCC 



1 . : J ■ 



XGAG AJ^TCGAGAC CATCCTGGCC AA-^^^^*^^ 
^GC7C 777AGCTCTG GTAGGACCGG .-G7ACCAC7 



G7 C7AC7.A.-. 
. GA GA7GA7T 



G G A C C G 3 r G G A ^ o A * . ^ ^. 



— — — iijAkG G^-GGGAGGGG GAGGTTGCAG 
.GCGAACT7G GGGGG7CGGG GTCCAACG7C 



— GGAG: rTGG7GAGAG AG7GAGAGTC CC7CAAGAA--. 

.CAGGG.AAG- - ^ ^ - gC Z : il'Zi:^^-;^- GAGGA' — G7C 7GAG7C7GAG GGA:-..C-77 
AG7CGGT7-G7 A7GGGGG7^^^. ^----^w^.^-- o^--^. 

— — "-"AAG ^■^GAGGGGAGG GG A GGGG AG 

6c: GA----.:-:-.-.-.GG ^^^^5^:;^^ ^p^^X^-;r^c gctcccctcg cctcccctcg 

C77 7CGTGC- GiTCGGT^T^C - 

^^^^r-^^r- ' ^iTA'^'^'^'^ A'^TTCATAT CCCGGCTATG 

^l^li tItcIc^^C IaCAAC?;?c CTCT?TC^ TAAAAGTATA CaCCCGATAC 

AA i^ATCAATCTT GGTTGGATTA ACCAGAAGAA 

ISfcS^SI ?I=II^=cI^ ^;.T??.?." iiLTTA=« C=A>CCT«. TOOTCT^CTT 



wo 96/26272 



PCT/XS96/02424 



88/130 



FIGURE 58B 



76 1 TGAGAlACATA TATTCTCGTA AGTTCAATAC -7TAGCACCCA CCZZTKXTCk GCTTCdkCXZ 

Acrcnczkz ataagacot tcaacttatg aatcgtgggt ccccattagt coaacctotc 



84 1 GACCAGCTCC AAAGACTCTT AuKGAGTCTTC TGACTCCAAA CTCACTGCTC CCTCCAGTCC 
CTGCTCCAGG TTTCTGACAA TTCTCAGAAG ACTGAGCTTT GACTCACGAC GGAGGTCACC 



SOI CACAAGCAAA CTCCATAAAG GTATCCTGTG CTOAATAGAG ACTGTAGAOT GGTACAAACT 
CTCTTCXirTT GAGGTATTTC CATAOGACAC CACTTATCTC TGACATCTCA CCArCTTTCA 



Stl AAGACAGACA TTATATTAAG TCTTAOCTTT GTCACTTCCA ATGACTTACC TAATCTACCT 
TTCTGTCTCT AATATAATTC ACAATCGAAA CACTGAAGCT TACTGAATCO ATTACATCCA 



1021 AAATTTCAGT TTTACCATGT GTAAATCAGG AAGACTAATA CAACXAACCT TGAAGGGTCC 
TTTAAAGTCA AXATOGTACA CATTTAGTCC TTCTCATTAT CTTCTTTGOA ACTTCCCAGG 



1081 CAATOGTGAT TAAATGACGT GATCTXCATA ACATGCATCA CTCATAATAA GTGCTCTTTA 
GTTACCACTA ATTTACTCCA CTACATGTAT TCTACGTAST CAGTATTATT CACGAGAAAT 



114 1 AATATTAGTC ACTATTATTA GCCATCTCTG ATTAGATTTG ACAATAGGAA CATTAG GAAA 
TTATAATCAG TGATAATAAT CGGTAGAGAC TAATCTAAAC TCTTATCCTT GTAATCCTTT 



12 01 GATATAGTAC ATTCAGGATT TTG7TA3AAA GAGATGAAGA AATTCCCTTC CTTCCTCCCC 
CTATATCATG TAAGTCCTAA AyXCAATCTr: CTCTACTTCT TTAAGCCAAG GAAGGACOGG 



12 6 1 TAGGTCATCT AGGAGTTGTC ATCGrTCATT GTTGACAAAT TAATTTTCCC AAATTTTTCA 
ATCCACTAGA TCCTCAACAG TACCAAGTAA CAACTGTTTA ATTAAAACCO TTTAAAAAOT 



1321 CTTTGCTCA3 AAAGTCTACA TCGAAGCACC CAAGACrGTA CAATCTACTC CATCTTTTTC 
GAAACGAGTC TT TCACATGT A3r:TC3733 GTTrTCACAT GTTAGATCAG GTAGAAAAAG 



1381 CACTTAACTC ATA — :TC-rT CTCrCTTTCT CAXAGCAAlAC rGTTTCCrAT TCCTTGAATA 
GTGAATT^AG TATGAtACCA GAGGGAAAGA GTTTCGTTTG ACAAACCATA AC^iAACTTAT 



14^1 CACTCTGAGT TTTCTGCC7T TGrCTACTCA 3~GOCCCAT G<GCCCCTAAT GTTTCTTCTC 
CTGAGACrCA AAAGACOGAA ACGGATCAGT CGACCGCCTA CCGGGOATTA CAAAOAAGAG 



15C1 ATCTCCACTG GGTCAAATCC TACrTGTACC TTATGGrrrT CTTAAXAOCA CTGCTTCCAT 
TAGAGGTCAC CGAGTT7AG3 ATGOACATGG AATACCAAGA CAArTTTCGT CACGAAGGTA 



1561 AAAGTACrCC TAGCAAATGC ACGGCCTCTC 'CACGGATTA TAAGAACACA GrTTATTTTA 



■TTTCATOAGG ATCG 



~TXC3 T3CC3CAGA3 AGTGCCnAAT ATTCTTGTGT CAAATAAAAT 



162 1 



1681 



1741 




1«01 




1S61 
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FIGURE 58C 



19 3 1 CCAGTCCCCC TATCTTGOCT CACTOCAACC TCCCCCTCCC CG<:TTCA> : GArrCTCCTC 
CGTCACCCCG ATAC/JVCCGA CWACGTTSi AOCCGOAOGG QCCXXOZT :z CZkaZKOCXC 



1981 CCTCAOCCTC CTGAGTAOCT GGGACTACAG GACCCCGCCA CCACCCC: Cr>-- \':'Z'ri^ 
SGAGTCGGAC GACTCATCGA CCCTGATCTC CTCGGGCGGT GGTOCGOC vx>AAC 



2 04 1 TATTTTTAGT AGAGATGGGG TTTCACCATG TTGGCCAGGA TCCTCTO r^, ^:LX::r. 
ATAAAJU^TCA TCTCTACCCC AAAGTGGTAC AACCGCTCCT ACCXGAO- ZCT-l-^J 



21C1 CGTGATCCGC CTCTCTOOGC CTCCCAJUtCT GCTOGGATTA CAOOCGT: CC; .-:CACCCC 
GCACTAGOCG GACAGACCCG GAGOGTTTCA CGACCCTAAT CTCCGCA: CC :tCCS , 



:i€l CCGCTTTAXA AXATGCmT GTAATGTAAG TCGAGGATAA TACCCTA: ; Gr:-:ATT>^w 
CCCOXAATTT TTTACCAAAA CATTACATTC ACCTCCTA7T ATGCGAT; C^- TX^Tt; 



2 221 AACAATAATA TTCTTTAGGA AAAAOOGCCC GGTGGTGATT 7ACACTG. AC>^\SCATTC 
TTGTTATTAT AAOAAATCCT TTTTCCCGCG CCACCy^CTAA ATCTGAC: T TCTTCGTXAC 



2281 CCGACTATGG AAAAAAAGCC CAGCTTTTTC TCCTCTGCTT TTATTCA' . a OX.^tATTGTX 
CGCTCATACC TTTrTTTCGC CTCGAAAAAG ACGAGACGAA AATAACT .T CTCATXXCAT 



2 34 1 GAGATTGTAT AGAATTTCAG AOTTGAATAA AXCTTCCrCA TAATTAT- :o ^z\7.zkZ^Z> 
CTCTAXCATA TCTTAAACTC TCAACTTATT TTCAAGGACT ATTAATA : Tc crCTC 



24 01 GGAGAGTCTC TTTCTTCCTT TCATTTTTAT ATTTAAOCAA QAGCTGC. zzx^y' 
CCTCTCAGAG AAAGAAGGAA ACTAAAAATA TAAATTCOTT CTCGACC A> CCT' 



2 4€1 AAGTTTTTTT TTTTTAAGGC GCCTCTCAAA AGGCGCCGGA TTTCCTT- Cz 
rrCAAAAAAA AAXAATTCCG CGGAGAGTTT TCCCCCGCCT AJUkGGAA G> 



2 52 1 ATCTTGCCTC TCTCTTCTCCC TCGGATTGGT TCAGTCCACT CTTKZKKK 
TACAACGGAC ACAOAGAGCC AGCCTAACCA AGTCACGTGA GATCTTT 



2 5il GAGAAACTGG ACCCCACCTC TCGAGCGAAT TCCACCCTCC AOGGCTGATA ACCGAGOCAT 
CTCTTTGACC TGGGGTCCAC ACCTCGCTTA AGGTCCGACG TCCCGACTAT TCOCTCCOTA 



2 64 1 TAGTGAGATT GACAGAGACT TTACCCCGCC CTGGTGGTTO CAGGGCG * ~ AC: KG J^GCAr. 
ATCACTCTAA CTCTCTCTGA AATGGCGCOG CACCACCAAC CTCCCCC TC.^ -^CTCCT^^ 



27 0 1 CAGCACACGC CCGGCTCCCG GOAGGCCGGC TCTGCTCGCC CCOACAT 
GTCGTGTCCC CGCCCAOGGC CCTCCIZZCCZ AGACCAOCGC GCCTCTA 



2761 CACXJAAACCG ACTCGGCTGT CGCCACCGCG CGCCOCCCOC GCTGOC: 

GTGcrrrGGc tgagcooaca ccggtggcgc occccooccc ccaccga 



2 82 1 CTGGTGCTGG CGOGTCOCTT CTTTCTCCTC CGCTTCCTCT TCOGTAO 
CACCACGACC CCCCACCOAA OAAACAGGAG CCGAAGGAGA AGCCATC 



2811 OGAGCAAACC TCGGACTCTT CCCCCTGGTG COGCOGTOCT GOGACTC 
CCTCGTrrOG AGCCTCAGAA GGOGCACCAC OGCCCCACCA CCCTGAC 



2 94 1 CGAOTGOGAT CCTCTTCCTG OTCTTCCCCA OGCOCGGCGA TTAGGG-: - T'-: 

GCTCACCCTA OGACAACGAC CAGAAGGOCT CCCCOCCOCT AATCCO C x:; 



3001 QOTOAOCACC CCTCOAG 
CCACTCOTCO CGAGCTC 
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FIG. 76A 



AAG<3TAAAAATTXTCTCTTTTTTTCTCTCCCCCAATGTAAAAA0TTATAG - 

I Ml MM M n M 1 1 II MM Ml II I II M I M M M M M M 1 1 II I 

TGGGTTTTACXTGTGTASXXTCATTTTCTTAAAACTTTATGAATACCAOT - 

IMIIMMMMMMIIiMlMMIIlMMIIIMMIIIIIIIII 

TCOGTmA<yiT<3TOTAGAATCATTTTCTOAAAAC^ - 
ArrrTC-i'l'GTATTCTCTClACATGCCCy^CCTTACACAGACGACyia^TTTAC - 

M II M M li M II II I M II I! M II M i M M M I M I M M Mil I 

ATTTTOTCTATTCTGTiACATGCCCACCTTACACAGACGAC^ - 
TAGdTATATCCCGaCGTTAAATTCOAGCATTGGAATTTCGCCXCTGTAG - 

IMIMIIIIIllIlilllirillMIIIIMMIIIMIlllMlllll 

TACGTTATATCCC«OGGTTAAATTCCAG<ytTTOGAATTrGGCCJW - 
ATCTlTfAfl^TGAACAGAACAAATTTTTCTGTGCTTACACCTTATGGCTC - 

M IIM 1 1 M i I i II I M I M t i Ml I M I M II I II II II I II I M 1 1 1 

ATGTTTAGAOTCAACACAACAJUlTTTTTCTCTGCTTACAGGTTATGGCTG - 
TOGCCTACAAGAAGCATGCACTGGGTrTATTATTAACTTTCAGTATCTTT - 

MMMM III MMMIIIIIMIIMIMMMIIIMIIIM Mill 

TGCCCTACAACAACCATCCACTGaOTTTATTATTAACTTTCACTATCTTT - 
GTTTTAAATATTTTCTACAAJUIATGTTTACTAAATTAAATTGTAGTATGA - 

I MM M I M 1 1 M I M M II M M M M 11 1 II II II I M 1 M 11 II I I 

GTTIT'AAATATTTTCTACAAAAATGTTTACTAAATTAAATT'GTACTAWA - 
ATTOTTATXAATAATGACGGAAAACAATTTACACATASCAAATTTAAAAA - 

IIMMIMMMMMMMMMMMMMMIMIIMMMMM 

ATTGITATAAATAATCACGCAAAACAATTTACACATAGCAAATTTAAAAA - 
TTACTCTCATTTCATTTaTTAATATATTTTTCTCT' l '' r ACTGGGAAATTAA - 

Ml mill I II II IN 

TTACTCTCATTTGXl^GTT'AATATATTTTTCTCTTTAGTdM - 
ATTTTXAAAAATTCCCriTTCGACTGTAGAACAAATA^ - 
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FIG. 76B 

llllillllilillllllMIIIIIIIMiillillllllllllillili 

- XTTTTWUUUUlTTCCClTTCCACrrGTACAACAAATACGAATTTGGCCTGT - 

- GGOGTCTXCTTGCTTATTATATTTCTAAGCTAGTGCTA5GA31XTAGCAAA - 

liiiilllMIMIIMIIIMIIIIIIIIIKIMIIIIIiMiiilii 

- GCGGTCTACTTGCTTATTATATTTGTAAGCTAGTGGTAGGAAATAGCAAA - 

- TOCrCACTACCACTAATAAGAACATTTCTAAATCTOATOTTCTGACGATT - 

iljlillMillllllliltlliiillilli'MIMilllllliMlili 

- TGCTCACTACCACTAATAAGAACATTTCTAAATCTGATGTTCTOAGGATT - 

- TTTAGAGCTTATACTACCAAAAACAAAAGGGAAATTCTATCCGAfiATGTC - 

IMIIIIIMIIIIMMlllMIIIIIIMMIIIIIIIIMillllll 

- TTTAGACCTTATAGTAGdLAAAAGAAAACGOAAATTCTATCCGAGATGTC - 



CTTTGTTGTACGCCTAATGACAAAAGGTTGAAGATAAAGTTCTGGTACTC - 

IMIIItlllliiiilliiTlillllllMlilllllJIIIillllllli 

CTTTCTTGTAGGCCTAATGAGAAAAGGTTGAAGATAAACTTCTOGTACTC - 



ATTTAAGTOTAATATTOAAAATTGATATTACCCAATCTGCAACAACCAAT 

IIIIIIIIMIIIIIIillilllllllllMlliMillMIIIIIIIII 

ATTTAAGTCTAATATTGAAAATTGATATTACCCAATCTGCAACAACCAAT 

TTAAAATAAGGAAAGAAAGACACTGTGTTTTCT - 

llllllllillllllllllllllllllllllil 
TTAAAATAAGGAAAGAAACACACTGTGTTTTCT - 
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